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Partially Sex-linked Dominant Inheritance 
of Interstitial P yelonephritis 


F. E. STEPHENS, GERALD T. PERKOFF, D. A. DOLOWITZ, ano 
FRANK H. TYLER 


Laboratory for the Study of Hereditary and Metabolic Disorders, Departments of Medicine and Surgery 
of the College of Medicine, and Department of Genetics, Division of Biology, University of Utah, 
Salt Lake City 1, Utah 


INTRODUCTION 


Tuts study was initiated when it was learned that renal disease had occurred 
frequently in a large kindred and had resulted in the death of several affected 
males. The members of the kindred were alarmed at its seriousness and wel- 
comed an investigation. The disorder in this kindred appears to be chronic 
interstitial pyelonephritis but differs from that disorder as it occurs in the 
general population in that most of the females are mildly affected while the 
males develop progressive renal insufficiency. The data suggest that the fe- 
males acquire the disease at an early age but recover in many instances. Fe- 
males without clinical manifestations who have been regarded as possessing 
the abnormal trait have been identified as carriers when the disease has been 
observed in their children. A defect which seems in some way to be associated 
with the disease is a form of progressive nerve deafness. This has been observed 
in most of the affected males. 

Clinical and laboratory studies were made on 134 members of the kindred 
and are being reported in detail elsewhere (Perkoff ef al/., 1951). The present 
paper is concerned primarily with the inheritance of ..e trait and related prob- 
lems. 


REVIEW OF THE LITERATURE 


A survey of the literature reveals only a few cases of hereditary nephritis. Some of these 
are of special interest in the light of the present investigation. Unfortunately, most of the 
observations were made before and at the turn of the century, and the diagnosis cannot be 
with certainty assigned to a modern classification of renal disease. 

I'wo pedigrees are of special interest because of similarities to our findings. The first of 
these is a family studied originally by Guthrie (1902). In 1924, Eason, Smith and Buchanan 
reported additional information concerning the same patients. Among the 27 members of 
the kindred there were 16 affected with nephritis. All but two of the affected males died of 
their renal disease, but the females did not develop renal insufficiency. At least one of the 
females would seem to compare with the female carriers in the kindred to be reported in this 
paper. However, the males in Guthrie’s family died at an earlier age than those in the pres- 
ent kindred. Although only a limited amount of clinical information is given, the frequent 
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occurrence of acute episodes characterized by edema, hypertension, hematuria and proteinu- 
ria suggests that the disease was glomerulonephritis. 

Another pedigree of special interest (Kidd, 1882) covered three generations and included 
eight patients who died of the disease. The males were more severely affected than the 
females. The three males whose ages at death were noted, died of nephritis at 30, 34 and 
46 years of age, a finding which is similar to the ages of death of the male patients in the 
present kindred. 

Other cases of familial nephritis recorded in the literature were reviewed by Eason, Smith 
and Buchanan (1924). They also report a family presumed to have glomerulonephritis. 
The fact, however, that streptococci were cultured from the urines of two members of this 
family suggests that the disease may have been pyelonephritis. 

Rinkoff, Stern and Schumer (1939) reviewed the literature and reported the occurrence 
of familial nephritis in three brothers, but presented good evidence that the disease was 
glomerulonephritis. Weiss and Parker (1939) studied many cases of pyelonephritis and 
described the characteristics of the different types of the disease. From their report it is 
clear that chronic interstitial pyelonephritis differs from the type of renal infection usually 
seen in infancy and childhood and in patients with obstruction of the lower urinary tract. 
The latter disorder frequently being acute in onset, involves only patchy areas of the kidney 
and recovery usually ensues, particularly if the obstruction is relieved. In contrast, chronic 
interstitial pyelonephritis occurs most frequently in voung adult or middle-aged patients, 
is insidious in onset and progression, and, in the absence of specific therapy, usually leads 
to progressive renal insufficiency and death in uremia. The clinical and pathologic findings 
in the males of the pedigree described in the present report suggest this type of renal disease. 


CLINICAL DESCRIPTION OF THE TRAIT 


The patients in this kindred showed pyuria and cylindruria. The onset of 
hypertension was late and proteinuria was not common. Coliform and other 
organisms were obtained in many urine cultures. Examination of the genito- 
urinary system at postmortem in two cases showed no anatomical anomalies 
except for small scarred kidneys with the characteristic microscopic appearance 
found in interstitial pyelonephritis. Careful physical examinations and x-ray 
studies have not revealed any anatomical anomalies in the genito-urinary tracts 
of the patients we have observed. 

The details of the clinical study of the members of this family have been 
published separately (Perkoff et al., 1951). A medical history, physical exam- 
ination and urine analysis was performed on each one examined. Four of the 
affected patients (three males and one female) were admitted to the hospital 
and studied in detail with such procedures as inulin and p-aminohippurate 
clearance and pyelography. Individuals were not considered affected unless 
their urinary sediments showed findings consistent with pyelonephritis. Most 
of the members of the kindred were examined on two or more occasions and 
the findings were consistent. That the urinary findings were evidence of renal 
infection was demonstrated by positive urine cultures and the fact that the 
urinary abnormalities sometimes cleared on appropriate anti-bacterial therapy 
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only to reappear after weeks or months. The most common findings were 
pyuria and granular casts, but many also had red blood cells, and a smaller 
number showed proteinuria. These findings, with the addition of the evidence 
cited above, particularly the frequently positive urine cultures and the post 
mortem findings of bacterial renal infection, led us to conclude that the dis- 
order was pyelonephritis of the type not associated with urinary tract obstruc- 
tion but rather resulting from the spread of bacteria to the kidney through 
lymphatics or the blood stream. 

Seven of the male members of the kindred had progressive renal insuffi- 
ciency characterized initially by symptoms of costovertebral angle pain, 
burning on urination, and weight loss, and later by hypertension and death 
in uremia. The female patients in this kindred who have the disorder have 
consistently remained asymptomatic except for occasional dysuria, even at 
times when persistent pyuria and positive urine cultures were noted. 

In addition, in all but one of the severely affected males, a slowly progressing 
nerve deafness appeared a number of years before clinical uremia supervened. 
Some studies of the relation of this finding to the renal disease are presented 
below. 


HISTORY OF THE KINDRED 


Figure 1 is a pedigree chart of this kindred. All individuals shown are de- 
scendants of J-1 or have married her descendants. Her parents came to this 
country from Wales. She was the sixth child in a family of 12 children, all 
of whom are now dead with the exception of one sister who is now 82 years of 
age. This sister writes that none of her brothers and sisters had any ‘“‘kidney 
trouble.” She, however, is reported to have had proteinuria during her fifth 
pregnancy and to have pyuria and proteinuria now. The significance of these 
findings is impossible to assess accurately in relation to the genetic occurrence 
of nephritis in the kindred, but the fact that none of her descendants is known 
to have had renal disease suggests that the findings in this sister represent a 
coincidental occurrence of renal infection. 

I-2 married two sisters, J-1 and J-3, and had ten children by each. None of 
the children of J-3 suffered from nephritis nor has it occurred in any of their 
descendants as far as it has been possible to determine. The first individual 
in the kindred known to have had nephritis was J7-15, the son of J-1. He died 
of nephritis at the age of 34 in 1934. Only one of his nine sisters showed the 
trait, but seven of them appear to have transmitted it to their children. The 
disease has occurred in 50 members of the kindred and has been transmitted 
by 14 carriers. It has caused the death of seven males, but in no case has it 
been fatal in females. At the present time, 14 males and 29 females have 
renal disease consistent with the trait. 
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ACCURACY OF DIAGNOSIS 


The sources of error which could be operative here are immediately appar- 
ent. One of these would be sporadic cases of pyelonephritis arising inde- 
pendently of the hereditary type found in this kindred. In addition, errors 
might be introduced if some individuals were normal when examined but de- 
veloped the disease later in life or if some had had the disease earlier but had 
recovered when examined. 

If sporadic cases should arise in females, one would expect the disease to 
follow the course of pyelonephritis as seen in the general population and 
renal insufficiency might be expected in some of the cases. This was not seen 
in any female in this kindred. Furthermore, if many such cases occurred, the 
ratios would show excessive numbers of affected individuals. The absence of 
evidence of sporadic cases in this kindred leads to the conclusion that there 
are no significant errors in the data from this source. Further support for the 
accuracy of the data is suggested by the fact that the ratio of affected to nor- 
mal individuals in the younger generation fits so well with the genetic theory 
advanced below. It would seem that affected individuals in this kindred can 
be detected with accuracy at an early age. 

There is definite evidence in several females and in one male that individuals 
can transmit the trait although they themselves do not show it. These in- 
dividuals, classified as carriers, may have had the disease at an earlier age and 
then recovered. The ratios of normal to affected in the third as contrasted with 
the fourth generation suggests that this might be true, especially in females. 
When the known carriers are added to the affected individuals in the third 
generation, the ratio of affected to normal individuals is about the same as 
in the fourth generation. 


INHERITANCE 


Table 1 shows the segregation by sex in each generation of normal indi- 
viduals, individuals affected with nephritis and carriers in families where one 
parent is either affected or is a known carrier. Females were classified as “‘af- 
fected” if, on examination, they gave positive tests for the disease. When 
there was no evidence of individuals showing the disease but one or more of 
their descendants were affected, they were classified as “carriers.” All females 
who died in infancy, or who were not examined and had no known affected 
descendants, were classified as “condition unknown.” Males were classified 
as affected if they were examined and gave positive tests for the disease or if 
they had family histories indicating that they had died of the disease. Males 
over 26 years of age who had family histories indicating that they did not have 
the disease were classified as normal even though they were not examined. 
Those under this age who were not examined were classified as ‘“‘condition 
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unknown.” Since one male who did not show the disease transmitted it to his 
offspring, some of the other males classified as normal may also be carriers. 
It was felt, however, that this classification was the best that could be made 
under the circumstances and that there was little chance of any significant 
error. 


TABLE 1. SEGREGATION OF NORMAL AND AFFECTED INDIVIDUALS ACCORDING TO GENERATION AND 
SEX IN FAMILIES WHERE ONE PARENT IS EITHER AFFECTED OR A CARRIER 


MALE | FEMALE 


Normal | Affected | Carriers | Unknown Normal Affected | Carriers | Unknown 
Ir | o 1 0 0 | 0 1 6 | 2 
III 8 0 1 5 9 4 7 | 10 2 
IV | 21 10 o | 6 | 18 |} 24 0 | 9 
Vv 2 0 0 0 0 0 0 1 
Total 31 21 1 11 27 2? | 13 22 2 


TABLE 2. CHILDREN OF AFFECTED MALES, ALL OF WHOM HAVE APPARENTLY INHERITED 
PYELONEPHRITIS FROM THEIR MOTHERS 


| 


SONS DAUGHTERS 
SEX 
Affected | Normal Affected Normal | 
11-15 0 1 0 | 1 1 1f }* 
TII-2 0 4 7 0 0 0 0 
III-7 0 2 2 0 0 
ITI-8 0 0 0 3 0 0 0 
ITI-10 0 2 0 2 2 | 0 0 
ITT-19 0 0 0 2 0 0 0 
111-21 0 0 0 0 0 if 0 
J1I-41 2 it 1 0 0 0 
111-42 0 1 0 0 1 it 0 
111-44 0 0 0 3 0 1t 0 
ITI-49 0 2 0 4 0 0 0 
IV-1 0 2 0 0 0 0 0 
Totals 2 15 3 18 4 4 1 
* Died i in infancy. ¢ U 7“ r 2 vears of age. f Not available for examination. 


In the fourth generation which consists largely of young individuals, a 
1:1 ratio of normal to affected is shown but in the earlier generations (J/ and 
ITT) this ratio is not obtained in the females unless the normal females who 
transmit the trait to their children are counted among the affected. This sug- 
gests that the disease can be detected at an early age in the females but that 
many of these individuals recover but are still able to transmit the defect. 

When the carriers are added to the affected individuals, a ratio of approxi 
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mately one normal to one affected is obtained (58 normal, 64 affected). This 
would be expected if the trait were transmitted as a simple autosomal domi- 
nant but other conditions make this unlikely. When we consider the offspring 
of affected males only (table 2), we find that the sons are usually normal and 
the daughters affected. Since in each case the affected grandparent is a female 
one might conclude that the defective gene was a sex-linked dominant were it 
not for the fact that there are six exceptions, four normal females and two 
affected males. This suggests the possibility of a partially sex-linked dominant 
trait, i.e. one due to a defective gene which may occur on either the X or the 
Y chromosome (Haldane, 1936). 

If a male received the defective gene from his father it would be located on 
the Y chromosome and he would transmit it preferentially to his sons. If he 
received it from his mother, it would be on the X chromosome and he would 
transmit it preferentially to his daughters. The exceptions would be cross- 
overs. Since all affected males in our pedigree who possess children have ap- 
parently inherited the genetic factor from their mothers, the total numbers 
(18 affected daughters: 4 normal daughters: 2 affected sons: 15 normal sons) 
shown in table 2 may be directly compared with the 1:1:1:1 ratio expected 
in the absence of partial sex-linkage. The total x? may be analyzed as follows: 


D.F. x? P 
Deviation from 1:1 (affected vs. normal) 1 0.03 >0.80 
Deviation from 1:1 (males vs. females) 1 0.64 >0.30 
Linkage deviation 1 18.69 <0.0001 
3 19.36 


Since the two single-factor ratios are very close to the expected 1:1 ratios, 
the remaining deviation may be accepted as giving clear indication of partial 
sex-linkage. 

The cross-overs consist of four females and two males. One female (J//-38) 
was an adult, 33 years of age. When tested she had no indication of the disease 
nor did her two sons who were also tested although her affected father should 
have transmitted the gene to each of his daughters. The other three females 
were aged 2, 4, and 6 years, respectively. All of these were normal when tested. 
The two males were 2 and 5 years of age, respectively. Inasmuch as there was 
no indication of a lack of penetrance in the younger generation, the only one 
of the four females who might be a carrier would be J/7-38. Since both she and 
her two sons were normal, the chance of her being a carrier is not great. The 
fact that crossing-over occurs in every case from the X to the Y chromosome 
is of no particular significance since in every instance where crossing-over 
occurred in a male he had received the defective gene on the X chromosome 
from his mother. In Generation JJ only one of the 10 children was a male and 
he had but two sons. One of these died in infancy and the other did not show 
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the trait; therefore, there would be no chance for the defective gene to be on 
the Y chromosome in the third generation. In Generation JV, males [V-100 
and [V-102 who have the defective gene as a result of crossing-over from the 
X to the Y chromosome should transmit the defective gene on the Y chromo- 
some. It would seem from the above data that pyelonephritis in this kindred 
is inherited as a partially sex-linked dominant trait with 15.4 + 5.8 per cent 
crossing-over. This would locate the gene on Haldane’s chromosome map 15.4 
units below the endpoint of the non-homologous section in the neighborhood 
of the loci for xeroderma pigmentosum and Oguchi’s disease (fig. 2). 


9 4 Achromatopsia 


14 # Xeroderma pigmentosum 
15 # Pyelonephritis 
17 # Oguchi’s disease 


20 ¥ Epidermolysis bullosa 


28 Tt Retinitis pigmentosa 
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DEAFNESS 


An interesting aspect of pyelonephritis in this kindred is its association 
with nerve deafness. The hearing defect was found only in males. It varied 
from a high-tone loss to a moderately severe deafness. Because of the insidious 
development, the age of onset could not be determined. Considerable deafness 
developed before it became apparent to the affected individuals. Two small 
groups examined in Generations JJ and IV showed a high-tone loss or a dip 
in the audiogram at 4096 double vibrations per second, respectively. These 
groups will be examined in the future to determine whether or not these mani- 
festations are early expressions of the nerve deafness as found in this kindred. 

Six of the seven males who died from nephritis were hard of hearing and the 
remaining one died at the age of 22. While the family thought that his hearing 
was unaffected, he was never examined by a physician. All of the other seri- 
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ously affected patients who have been examined are developing deafness. 
Figure 3 shows the occurrence of deafness together with pyelonephritis. Indi- 
viduals whose condition was unknown with respect to either deafness or pyelo- 
nephritis or who are carriers for pyelonephritis are not indicated. Before 
analysing these cases it should be pointed out that deafness in 77-13 and the 
husband of JJ-12 were not the same as the inherited form observed in most 
of the subjects. Thus, the father of J7J-18, 19, 20, 21 and 22 and the grand- 
father of JV-68 had otosclerosis. He married into the kindred introducing this 
type of deafness. With the elimination of the cases of deafness in his descend- 
ants, deafness in this kindred would appear to be due to a sex-linked reces- 
sive gene. However, since the gene responsible for the pyelonephritis is par- 
tially sex-linked it is difficult to rule out the possibility of the deafness being 
related to the same gene as the renal disease. Sixty-four examinations have 
been made of members of the kindred in an effort to determine whether or not 
the deafness has a separate hereditary pattern but the data are inconclusive 
at present. It is planned to make further studies of the members of Generations 
IV and V as they become older in an effort to answer this question. 


LINKAGE 


Of the 118 individuals in this kindred whose blood types, eye color, ability 
to taste phenylthiocarbamide (PTC), hair color and ear lobe data were taken, 
43 were members of 13 families segregating for pyelonephritis. A preliminary 
examination of the data has indicated that there was no trend for pyelonephri- 
tis to be associated with any of these traits. However, the numbers of indi- 
viduals involved were so small that no definite conclusions could be drawn. 


EUGENIC IMPLICATIONS 


Females in this kindred have not been seriously affected by pyelonephritis 
but may transmit the disorder in a very severe form to their sons. It would 
seem that normal females may recover from the disease at an earlier age and 
still transmit the trait. If our analysis of the inheritance of the condition is 
correct, the sons and daughters of female carriers each have a 1:1 chance of 
inheriting the defective gene. However, the chances of an affected male trans- 
mitting the trait depends upon which of his parents was affected. If the defec- 
tive gene came from his father, he will transmit it to about 85 per cent of his 
sons and to about 15 per cent of his daughters who will be crossovers. If, 
on the other hand, the defective gene came from his mother, the reverse con! 
dition will exist; about 85 per cent of his daughters and about 15 per cent of 
his sons will receive the defective gene. 


SUMMARY AND CONCLUSIONS 


A study of interstitial pyelonephritis in a large kindred has been made. 
One hundred and thirty-four individuals have been examined in the hospital 
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or in the communities where the families reside and four have been intensively 
studied in the hospital. 

In this kindred the disease differs from the usual type of pyelonephritis in 
that most of the females with urinary findings (pyuria, casts, and proteinuria) 
had no symptoms. However, the affected males have developed progressive 
and often fatal renal insufficiency. In childhood both males and females who 
have the gene for pyelonephritis have abnormal urinary findings suggestive 
of the disease. The adult males, at least in many instances, progress until 
fatal renal insufficiency develops while most adult females who transmit the 
trait have no abnormal findings. 

The data indicate that the disorder is inherited as a partially sex-linked 
dominant gene with a crossover value of 15.4 + 5.8 per cent. 

With but one exception, all examined males who have died of pyelonephritis 
or who are now seriously affected with the disease have developed progressive 
nerve deafness. From the data available one cannot be certain whether the 
deafness is caused by the gene which produces pyelonephritis or whether it 
is caused by a separate sex-linked recessive gene. 
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Cleidocranial Dysostosis 


C. NASH HERNDON 


Department of Medical Genetics, Bowman Gray School of Medicine of Wake Forest College, 
Winston-Salem, N.C. 


CLEIDOCRANIAL DYSOSTOSIS can no longer be considered a rare disease, as de- 
scriptions of more than 325 cases are available in the literature, but it is at least 
uncommon. The addition of one more family with three cases is considered 
justifiable’ because of the incompleteness of family information in the majority 
of reported cases and because the first mutant individual in the family here 
reported has been observed. 

The condition is characterized by multiple defects of bone formation, most 
often in bones preformed in membrane, but also occurring in bones of chondral 
origin. Anomalies of muscles and joints may also occur, these apparently being 
secondary to the skeletal defects. The clinical features may vary widely, and 
no single defect is characteristic of all cases. As is suggested by the name, ab- 
normalities of formation of the skull and clavicles are the most frequent mani- 
festations, and some defect of these structures is present in all cases. Typically 
the skull is brachycephalic, with decrease in the occipitofrontal diameter and 
increase in the transverse diameter. The frontal, parietal and occipital bosses 
are prominent, and the sagittal suture is usually depressed. These features, 
together with the abnormally wide spacing of the eyes secondary to changes 
at the base of the skull, give an easily recognizable characteristic facial and 
head appearance to the vast majority of affected individuals. The metopic su- 
ture, which normally separates the two halves of the frontal bone in the fetus, 
persists into late childhood and is frequently present in adults. There is delayed 
and often incomplete closure of the fontanels, with frequent persistence of pal- 
pable defects. Most suture lines are wide, with many wormian bones arising 
from accessory ossification centers, these being most apparent in the posterior 
fossa. The base of the skull is usually abnormal, with the sphenoid bone narrow 
and short and the foramen magnum large and facing forward and downward. 
The paranasal sinuses and mastoid air cells are usually small and some may 
be absent. 

The bones of the face are generally small and poorly developed, with anoma- 
lies of the maxillae and small facial bones being frequent. The mandible, how- 
ever, is large and prognathous, frequently with a wide mental suture. Abnor- 
malities of the teeth are characteristic. The deciduous dentition is usually 
normal, but the permanent teeth are very slow to erupt, and many never 
appear. The permanent teeth that do erupt are usually small and irregularly 
spaced. Most patients retain the deciduous teeth until they become carious, 
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and will require artificial dentures while still young. The palate is usually highly 
arched, this being probably secondary to retention of the permanent teeth and 
widening of the alveolar ridges. 

The clavicular defects may vary from a small defect in one clavicle to com- 
plete absence of both clavicles. Most often small bony stumps are present 
attached to the sternum and acromion, but with the central sections of the bone 
absent. Anomalies of the clavicular joints and of muscle attachments in this 
region are frequent. The scapulae may also be small and poorly developed. 
Cervical ribs or extremely long transverse processes of the cervical vertebrae 
are frequent. Abnormalities of curvature in the spine (kyphosis or scoliosis) 
and fusion defects (spina bifida) are not infrequent. Similar anomalies, with 
poor development or failures of fusion, are often seen in the pelvis. 

Defects of the long bones are less often encountered. Aplasia of the medial 
epicondyle of the humerus is frequent, and partial absence of the radius has been 
reported. Deformities about the head and neck of the femur are often reported, 
and coxa vara is frequent. Anomalies of the smaller bones of the hands and feet 
are also observed. 

Associated defects in the central nervous system have been described by 
several authors, but these are apparently infrequent. Cysts of the frontal lobe, 
syringomyelia, hemorrhagic lesions of the brain and convulsive seizures have 
been described, as well as agenesis of certain of the basal nuclei (Stewart, 1929). 

The affected individuals are usually recognized by the characteristic appear- 
ance of the skull and face mentioned above, lack of eruption of the permanent 
teeth, and the ability to bring the shoulders almost to the midline anteriorly, 
indicating lack of clavicular support to the shoulder girdle. Although the defect 
may be recognized in infancy or childhood, the condition causes little disability 
in most affected persons and the physician is usually consulted about some un- 
related condition. The life span of affected individuals is apparently normal, 
and most are capable of heavy physical work. The patient reported by Maddox 
(1946) served during World War II asa stoker aboard an Australian naval ves- 
sel, performing heavy work with the upper extremities. Maddox remarks that 
far from being physically inferior, the ability to approximate the shoulders 
gives the affected individual a unique facility for escape from a strait-jacket, 
through a ship’s scuttle or down a drainpipe. Mental deficiency has been 
described in some cases, and may have a higher incidence in the affected per- 
sons than in the general population, but normal mental ability is the rule. 
Schizophrenia has been described in a few patients (Kilgore & Lasker, 1946), 
but the association is probably coincidental. 


REPORT OF FAMILY 


A previously unreported family has been studied, containing three individu- 
als exhibiting typical changes of cleidocranial dysostosis (fig. 1). The affected 
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individuals are a 34 year-old white male and two of his three children. The 
family came to attention through the affected son, age 8 years, who was ad- 
mitted to the pediatric service of the North Carolina Baptist Hospital. Skull 
x-rays of the propositus and his parents and sibs are reproduced in figure 2. 
The clinical findings of the five members of the immediate family are noted 
below. 


Father, age 34 years. This man states that it was noted in infancy or early childhood that 
he apparently had no clavicles, and states he has always been able to touch his shoulders 
together in the midline anteriorly. His skull has been noticeably different in shape, being 
rather square and with an easily visible groove in the midline. He did not lose his deciduous 
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Fic. 1. Pedigree of eight year-old male exhibiting cleidocranial dysostosis 


teeth at the usual time, and the permanent teeth did not erupt. The deciduous teeth gradually 
became carious and several were lost, and he finally had all remaining teeth extracted at 
age 26 years. He has worn dentures since this age. On examination he presented the typical 
appearance. The skull was brachycephalic, with prominent bosses and a marked furrow along 
the line of the sagittal suture extending almost to the glabella. The eyes were wide apart, 
with the bridge of the nose being wide and depressed. The teeth were absent. The m.jor 
portion of the clavicle was absent bilaterally, but small rudimentary fragments attached to 
the acromion and to the sternum were palpable. The shoulders were sloping and the trape- 
zius muscles were overdeveloped. He was able to bring the shoulders forward until they 
touched in the midline anteriorly. The fingers were broad and stubby. On radiologic examina- 
tion the usual x-ray changes were noted. The skull film in figure 2 shows malformation at the 
base of the skull and persistence of wide suture lines, with many wormian bones being visible, 
especially in the posterior fossa. Most of the permanent teeth are retained and unerupted. 

Mother, age 32 years. This woman was entirely normal on physical and radiologic exam 
ination, and her normal skull film is reproduced in figure 2. Family history revealed that she 
was not related to her husband and was the oldest living member of her sibship, which in 
cluded 3 normal brothers and 2 normal sisters. One additional brother, the first-born of the 
sibship, died at age 28 days. It is stated that “his bowels never moved,” and it is possible 
that he may have had some congenital anomaly with complete obstruction of the gastro 
intestinal tract. No medical information on this point could be obtained. Another older 
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Fic. 2. Radiograms of the skulls of a family exhibiting cleidocranial dysostosis: A. Affected father; 
B. Normal mother; C. Normal 11 year-old sister; D. Affected 8 year-old propositus; E. Affected 2 
vear old sister. 


ther was killed in an accident at age 31 years. This patient’s father was living and well 
ige 58. Her mother died at age 62 of a skin cancer with metastasis. 

Yister, age 11 years. This child was normal on physical and radiologic examination, the 
skull film being reproduced in figure 2. Dentition was normal. She had been previously ad- 
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mitted to the North Carolina Baptist Hospital at age 9 years for tonsillectomy, and nothing 
abnormal was found at this time, aside from diseased tonsils. 

Propositus, male, age 8 years. This boy was admitted to the North Carolina Baptist 
Hospital because of a fracture of the right femur sustained when struck by an automobile, 
followed by malunion. Three admissions for open reduction and orthopedic manipulation 
of the injured bone were necessary over a period of six months. The findings of cleidocranial 
dysostosis were secondary and not related to the purpose of hospital admission. The skull 
was brachycephalic with prominent bosses, midline furrow, wide spacing of eyes and broad 
flat nose bridge, although these changes were not as marked as in his father. X-ray of the 
skull (see figure 2) showed marked delay in ossification of the chief cranial bones, with widen- 
ing of the sutures and a widened anterior fontanel. Numerous wormian bones were present 
in the parieto-occipital areas. A wide cleft was present in the arch of the first cervical ver 
tebra. Bilateral aplasia of the distal two-thirds of the clavicles was noted. Films of the hands 
and feet revealed abnormal ossification in about one-third of the phalanges. He was again 
admitted to the hospital at age 12 years because of cellulitis of the jaw secondary to a peri 
apical abscess. The third of his deciduous teeth was removed and no permanent teeth had 
erupted. 

Sister, age 2 years. This child also presented typical changes of cleidocranial dysostosis, 
with the abnormal skull appearance being more marked than in her brother. Only a small 
rudiment of clavicle attached to the sternum could be felt on each side. The deciduous denti- 
tion was moderately delayed, as the first tooth did not appear until age 12 months, and she 
had only four teeth when examined. Her skull x-ray, showing open fontanels and the other 
usual changes, is shown in figure 2. 


Other relatives were reported to be normal. As the affected father described above is the 
first individual in this family known to present cleidocranial dysostosis, it is believed by the 
writer that he exhibits the first phenotypic expression of a new mutation. Information con 
cerning his direct ancestors and sibs is therefore given to substantiate this view, all persons 
being here identified in terms of their relationship to the supposed mutant individual, i.e. 
the propositus’ father: 

Paternal grandfather. Died at age 40+ of pneumonia. Reported by relatives to have been 
normal. 

Paternal grandmother. Died at age 70 of a “stroke.’”’ Reported by relatives to have been 
normal, no known kin to her husband. 

Maternal grandfather. Died at age 60+ of a “‘stroke.”’ Reported by relatives to have been 
normal. 

Maternal grandmother. Died at age 72 after an illness of several months described as 
“kidney trouble.” Said by relatives to have been normal. No known kinship to her husband, 
and no kinship could be discovered between any two of the above four grandparents. 

Father. Died at age 63 of “Bright’s disease.” Photograph examined by writer and no ab- 
normality noted. Physician who attended patient stated that his clavicles and skull were 
normal. 

Mother. Died suddenly at age 53 of a heart attack. Photograph showed no visible ab- 
normality. Physician who attended patient stated clavicles and skull were normal, and at- 
tributed death to myocardial infarction. 

The sibship of the mutant individual is as follows: 

1. Sister, age 41, normal on examination. Not related to her husband, has seven normal 
children (307; 49), the oldest age 21 years. 

2. Brother, age 39, obese but otherwise normal. Unrelated to his wife, 2 normal children 
@). 
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3. Brother, age 37. Normal, unrelated to his wife, 3 normal children (oc; 2 9). 

4. Patient described above. 

5. Sister, died unmarried at age 21 of peritonitis secondary to a pelvic infection. Attend- 
ing physician reported that she did not have cleidocranial dysostosis. 

6. Sister, age 28, obese but otherwise normal. Not related to her husband, one normal 
daughter. 

7. Brother, age 26, normal, recently married to unrelated woman, no issue. 

8. Sister, age 24, normal, recently married to unrelated man, no issue. 

9. Brother, age 21, unmarried, in service, U. S. Navy. Reported to be normal. 


In this family there are three individuals, a father and two of his three chil- 
dren, with cleidocranial dysostosis. The pedigree suggests the action of a domi- 
nant mutant gene. It is shown that the father’s parents, grandparents and 8 
sibs were normal, this evidence supporting the suggestion that the father repre- 
sents the first phenotypic expression of a new mutant gene. 


DISCUSSION 


There seems to have been general agreement that hereditary factors are of 
primary importance in the etiology of cleidocranial dysostosis since hereditary 
transmission was listed as a cardinal characteristic of the disease by Marie and 
Sainton in their classic description in 1898. It has been suggested by Rhinehart 
(1936) and by Soule (1946) that ‘‘mutational dysostosis” might be a more ac- 
curately descriptive name for the disease. The literature has been adequately 
reviewed by several writers (Fitchet, 1929; Engle, 1937; Soule, 1946; Lasker, 
1946), with extensive collections of reported cases from the literature. After 
genetic analysis of family information from such collected cases, Lasker con- 
cludes that the majority of cases are inherited as a Mendelian dominant with 
high penetrance, and suggests that it is possible that all cases may be explained 
in this way if the responsible gene recurs frequently as a mutant. 

As Lasker’s assessment of the situation seems to be quite valid, interest then 
focuses on the question of the mutation rate. Although direct estimation of the 
mutation rate cannot be made from the available data, certain items may be 
gleaned from the literature that have pertinence to the question. The frequency 
of sporadic or isolated cases is of interest. In the combined surveys of Fitchet 
(1929) and Soule (1946), with no duplication of cases, 323 reported instances 
of the disease were found, of which 198 were “familial,” occurring in 52 families 
while 125 were sporadic. Lasker (1946) lists 73 families with cases in more than 
one individual, these including 369 persons reported to be affected or probably 
affected. Lasker lists only 70 singly occurring cases in which both parents are 
stated or inferred to be free of the condition, including 33 instances in which 
both parents are definitely stated to be normal and 37 cases where there is im- 
plication that both parents were normal. The figures given by Soule and by 
Lasker, published during the same year and drawn from approximately the 
same original sources, do not agree very well and emphasize the difficulties 
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encountered in tabulating material of this type where many case reports may 
be vague or inadequate on critical points in family history. Taking these at face 
value, the percentage of sporadic cases among all cases is 38.7 per cent in 
Soule’s tabulation and 15.9 per cent in Lasker’s group. Even if all reasonable 
allowances are made for incomplete reporting and lack of data concerning 
relatives in many case reports, it is still apparent that many cases occur spo- 
radically. 

If we accept the working hypothesis that most cases occur in families and 
show evidence of the action of a dominant gene with high penetrance, and that 
a smaller proportion (at least 16 per cent) of cases occurs sporadically, then 
three possible situations may be considered that would fit these facts. These 
are: 

(1) The collection of cases may be heterogeneous, consisting of two etiologi- 
cally distinct types that we are unable to distinguish clinically. It might be as- 
sumed that in addition to the hereditary variety due to a mutant dominant 
gene, there may be an environmental type in which some exogenous agent inter- 
fered with embryonal growth in such a manner as to duplicate the effect of the 
mutant gene. This would be analogous to the experimental production of “‘phe- 
nocopies” by Goldschmidt (1938) and others. 

(2) Two separate mutations might be involved, the majority of cases repre- 
senting the heterozygous state of a dominant mutation and the apparently spo- 
radic cases representing the homozygous state of a recessive mutation producing 
an identical or closely similar biologic effect. 

(3) The sporadic cases may represent the appearance of new mutations of 
the same dominant gene responsible for the majority of cases. 

The available data are not sufficient to permit an exhaustive consideration 
of the above three possibilities. Whether we consider the effective pathologic 
action to be genetic or exogenous, it must act at an early stage of embryonal 
development, before or during the early stages of formation of the clavicle. 
The clavicle is visible as a condensed curved rod of connective tissue in the 
eleven millimeter embryo (Fawcett, 1912). We cannot rule out the possibility 
that some unidentified external agent might act unfavorably upon the embryo 
at this early stage of pregnancy, and we do not have detailed information con- 
cerning the obstetrical histories of the mothers of affected individuals. It is 
rather difficult to conceive of an external agent that might have such a specific 
effect on the osseous system at this early stage, and yet would produce no ob- 
servable effects on other structures undergoing differentiation at the same time. 
Infectious agents, such as rubella, produce a nonspecific depression of cell 
division, with resulting deformities of multiple systems and with the structural 
abnormalities being correlated with the time of infection during the first 
trimester of pregnancy. Dietary factors, perhaps deficiency of calcium or vita 
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mins during early pregnancy, may be considered. Information on such points 
is lacking. 

The second possibility, that a recessive gene might be responsible for the 
sporadic cases, may be examined more readily. Lasker (1946) has presented 
pedigree charts of the 73 families found in the literature reporting more than 
one case. In only five of these are the affected individuals confined to one sib- 
ship. These include one set of twins, three sibships with two affected and one 
sibship with three affected. Lasker also found 70 reports of isolated cases. Al- 
though we do not know the sibship size for most of these cases, a ratio in an 
unselected series of 70:4:1 for sibships with one, two and three affected indi- 
viduals differs widely from the ratios usually encountered in diseases due to 
recessive genes. As sibships containing multiple cases of an uncommon disease 
are more likely to be reported than are single cases, the marked excess of spo- 
radic cases is the more significant. The observed case distribution suggests that 
a recessive form of cleidocranial dysostosis either does not exist or is so rare as 
to account for a negligible fraction of the observed cases. 

The third possibility, that of a high mutation rate, apparently fits well with 
the observations. Among the 73 pedigrees of families with multiple cases 
tabulated by Lasker, the parents of the oldest affected individual are listed as 
normal in 9 families. In 8 of these there is transmission of the defect from an 
affected individual to one or more children. This suggests that the original 
mutation may have been observed in about one-eighth of the families where the 
defect is demonstrably due to a dominant gene. The family described in this 
communication also falls in this group, as it is known that the parents and 
grandparents of the oldest affected person were normal, that he had eight 
normal sibs, and transmitted the condition to two of his three children. If these 
observations are valid, it follows that the mutation rate in cleidocranial dys- 
ostosis must be unusually high, as such a high proportion of probable new 
mutants is not often observed in similar pedigree collections of other diseases 
due to dominant genes. Asa relatively high mutation rate may be inferred from 
pedigree data of multiple cases, it would seem justifiable to suggest that a large 
proportion, if not all, of the apparently sporadic cases of cleidocranial dysosto- 
sis might also represent new mutations of the same dominant gene. In summary, 
if we consider that the sporadic cases must represent either phenocopies, reces- 
sive homozygotes or new dominant mutations (or possibly a combination of 
these), the available facts are most compatible with the third alternative. 

If the above hypothesis of a dominant gene with an unusually high mutation 
rate is accepted, we may properly concern ourselves with the population fre- 
quency of this gene. We are dealing with a disease that does not tend to limit 
the life span or the physical or mental activity of affected individuals, and 
there is no evidence that it has any direct adverse effect on fertility. In such a 
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situation we might well expect that the gene frequency, although still at a low 
level, might be increasing at a rapid rate. In general, the pressure of new muta- 
tions tending to increase any gene frequency is normally opposed by factors of 
natural selection tending to eliminate abnormal genes from the population. 
As the selective factors of differential mortality and differential fertility are 
apparently not in operation against this abnormal phenotype, the possible 
existence of other selective factors that tend to oppose the spread of the mutant 
gene through population groups is important. 

Examination of available pedigrees suggests that some selective factor must 
be active, as no really large pedigrees are reported. In many other diseases due 
to dominant genes, such as Huntington’s chorea, retinitis pigmentosa, peroneal 
atrophy, etc., pedigrees with dozens or scores of affected individuals in six or 
more generations are often found. In Lasker’s collection of 73 pedigrees of 
cleidocranial dysostosis, only two exhibit cases in five generations. Four of 
these pedigrees show cases in four generations, 15 extend only three generations, 
and 41 have affected persons in only two generations. As families with many 
cases in several generations are more likely to be observed and reported than 
smaller families, the lack of extensive pedigrees seems significant. On closer 
examination, the families with multiple cases seem to have an unusual number 
of affected individuals who do not marry. An attempt to tabulate the frequency 
of marriage of affected persons was not satisfactory, as many case reports do 
not include the desired information. A partial tabulation of the better reported 
sibships where the affected individuals were clearly of marriageable age gave 
48 affected individuals married and 47 definitely or probably single. This ratio 
is of doubtful validity because of inadequacy of original data, but may be used 
with caution as a first approximation. If the proportion of affected individuals 
who remain unmarried and have no descendants is actually in the range of 40 
to 50 per cent, then we have evidence of a high degree of selection against the 
abnormal phenotype. This adverse selection is probably due to discrimination 
against the abnormal phenotype because of the somewhat unattractive ap- 
pearance of affected individuals. The existence of such mating selection has 
been previously noted by Kahler (1939), who suggested that the incidence of 
feeblemindedness in persons with cleidocranial dysostosis was due to the in- 
ability of some deformed individuals to find mates except among the mentally 
deficient, resulting in coincidence of the two traits in subsequent generations. 
A similar effect has been noted in Von Recklinghausen’s neurofibromatosis, 
where an apparent decrease in overall fertility of affected persons is probably 
due to the tendency of the more severely affected (and hence more unattrac- 
tive) to remain unmarried (Herndon & Dudley, 1943). 

Even if mating selection should be sufficiently effective to eliminate up to 
50 per cent of the genes causing cleidocranial dysostosis in each generation, it 
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would seem likely that this effect is rather closely balanced by the mutation 
rate. The gene frequency is apparently not high at present, as the disease is 
uncommon. Such evidence as is available suggests that the mutation rate is 
high in relation to the gene frequency. The collections of reported cases indi- 
cate that somewhere between 16 and 39 per cent of reported cases are “‘spo- 
radic” and probably represent new mutations. The true proportion of newly 
mutant genes in any generation may actually be higher, as single cases are less 
apt to be reported than are families with multiple cases. Something approach- 
ing an equilibrium situation may exist, with the number of new mutant genes 
added to the population in each generation being roughly balanced by the 
genes lost through failure of reproduction by a large proportion of affected 
individuals. As the mutation rate is likely to be rather stable, if the effective- 
ness of mating selection or other selective factors should become increased, the 
frequency of the disease would be expected to decrease, with twice the muta- 
tion rate being the limiting minimum value. If selective effects should become 
less effective, the disease frequency should increase to the point where the total 
number of genes eliminated by selection is equivalent to the total number 
added by mutation, and a new equilibrium established. As the selective effect 
is largely if not entirely due to assortative mating, and this in turn must depend 
on the general attitudes of individuals regarding standards of beauty and 
toward persons whose appearance departs from the population norm, it would 
certainly be possible for the incidence of cleidocranial dysostosis to vary con- 
siderably from one population group to another, and to vary in the same popu- 
lation from generation to generation with variation in social attitudes. 

It seems reasonable to conclude that most if not all cases of cleidocranial 
dysostosis are due to a dominant gene with good penetrance and an unusually 
high mutation rate. The tendency of the high mutation rate to increase the 
gene frequency is apparently opposed by the adverse effect of mating selection, 
with discrimination against the abnormal phenotype. Mating selection may 
operate with sufficient effectiveness to eliminate close to 50 per cent of the 
mutant genes per generation. By this mechanism, a new mutation will prob- 
ably become eliminated from the average family within about three gener- 
ations. There are no records of the gene being maintained in one family group 
for more than five generations. 


SUMMARY 

1. A family is described in which a man and two of his three children present 
typical findings of cleidocranial dysostosis. 

2. Evidence is presented suggesting that the oldest patient represents the 
first phenotypic appearance in this family of the dominant mutation causing 
cleidocranial dysostosis. 


324 C. NASH HERNDON 


3. Evidence from the literature is reviewed suggesting that this dominant 
gene has an unusually high mutation rate. 

4. Possible factors of selection which might oppose rapid increase in the 
population frequency of this mutation are considered. It is concluded that the 
only selective factor of whose operation we have evidence in this disease is 
mating selection. 

5. It is suggested that mating selection may be operating in cleidocranial 
dysostosis with sufficient effectiveness to reduce the number of mutant genes 
in the population by nearly 50 per cent in each generation. With the high 
mutation rate noted above, selection of this intensity might result in a nearly 
stable gene frequency from generation to generation. 
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Significance of Familial Factors in the Devel- 
opment of Tuberculin Allergy 


SVEN NISSEN MEYER anp CHRISTIAN MUNCH JENSEN 


Tuberculosis Research Office, World Health Organization, Scherfigsve] 8, Copenhagen (), Denmark 


IN a previous paper (Palmer & Meyer, 1951) the effect of familial factors on 
the development of allergy following an “‘artificial tuberculous infection” was 
studied. In that study results from tuberculin tests on BCG-vaccinated chil- 
dren, made 10 weeks after vaccination, were analyzed. For the major part of 
the vaccinated children, records are also available now of the sensitivity to 
tuberculin one year after vaccination. 

The purpose of the present study was twofold. First, to supplement the 
results from the 10-week test, it was desired to determine whether there still 
are significant differences in the sensitivity levels of separate families one 
year after vaccination. Second, it was felt that the study might clarify the 
connection between results from the 10-week tests and those from the one 
year test, particularly with respect to the effect of familial factors. In this 
way the extent to which familial factors can account for the correlation between 
the reactions obtained at different time intervals after the vaccination could 
be illustrated. 


MATERIAL AND METHODS 


For a more detailed description of the material and methods, reference is 
made to the previous paper. Only the principal points will be repeated here. 

The material was obtained from an investigation on BCG-vaccination of 
school children of a homogeneous rural population in Denmark. The vaccine 
used consisted of 39 samples of batch 869 from the State Serum Institute in 
Copenhagen, graduated with respect to dosage, age of vaccine and temperature 
at storage. The same sample of vaccine was used to perform all vaccinations 
in any given school, each sample providing for from 1 to 4 schools. 

Information on the 10-week examination was available on 1,739 children 
from 732 families,' each with 2 to 5 vaccinated children. They attended 84 
schools, and were vaccinated with 35 different samples of the vaccine. At the 
one year examination, owing to removals, etc., the original group decreased 
to 901 children from 401 families. On the other hand, information on the one 
year test was available from 14 additional schools, thereby giving 1,085 children 
from 485 families vaccinated with 39 different samples of the vaccine. The 

Received June 21, 1951. 

‘The term “family” is used in this note as a synonym for “sibship,” the latter being the more 
exact word for the groups under consideration. 
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1,085 children came from 86 different schools; 99 per cent were between 7 and 
14 years of age, and 51.2 per cent were males. 

The transverse diameter of induration of the 10 T.U.2, Mantoux reaction 
was used as a quantitative measure of the degree or level of post-vaccination 
allergy. Based on records of these measurements, an analysis of variance was 
carried out separately within each school to determine whether there were 
significant differences among individual families in their capacity to develop 
post-vaccination allergy. The reason why the analysis was carried out within 
the separate schools was primarily to eliminate the influence of differences in 
the vaccines and of factors which may produce some uniformity of results 
within each school. 

Two sets of variance components, characterizing the variation within and 
between families, were established and their ratios tested for significance. 
Further, the weighted averages of the components found in the separate schools 
were computed and their ratio tested for significance. This testing of the 
weighted averages would be suitable if the variances from the separate schools 
were constant except for sampling fluctuations. As this condition was not 
completely fulfilled, the analysis was supplemented with a chi-square test of 
the discrepancies between the observed and expected distributions of the 84 
ratios. The procedure in the chi-square test and in the other tests performed 
in the study will appear from the report on the results given below. 

The treatment of the data from the one year test is analogous to that of 
the data from the 10-week test as outlined above, and the results are directly 
comparable. The principal numerical results from the 10-week test will be 
repeated in the tables and text. 

The extension of the study to include the relationship between the reactions 
of the individual at the two examinations required an analysis of the co- 
variances of the measures of reactions. The total covariance, just as the total 
variance, may be divided into components measuring covariation within and 
between families. The basic principles of the method will be reproduced briefly 
in symbols: 

n, denotes the number of vaccinated children in the ith family in a given 
school, and x;; and y;; the sizes of the reactions 10 weeks and one year after 
vaccination in the jth child in this family. The number of children in all & 
families is 


The arithmetic means of the two reactions in the ith family are 


1 ny 1 
and % =—D wi, 
nN, 


2One T.U. = 0.00002 mg. refined standard PPD (1/50,000) or 0.01 mg. international standard 
O.T. (0.1 ce. of a 1/10,000 dilution). 
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and the means for all children in the k families of the school are 


1 k 1 h 
x= > and y= Yi. 


i=1 nN i=l 


The covariance of reactions of all children is 


ni 


1 
c= —— DD (xu — 3) (yu — 9), 
— 1 j=1 
the covariance between families is 

k 


= n(%; — x)(% — 9), 


n—k ‘1 


and the covariance within families is 


1 = 


j= 


(xi; — — Fi). 


In order to elucidate the problem it is convenient to regard the degree of 
allergy in a child as a sum of: 
a) a family value, characteristic of and common to all sibs in the same 
family, and 
b) an individual deviation from the family value, primarily caused by 
errors in vaccination and tuberculin testing, but of course also in part 
due to constitutional differences within sibships. 
It is intended for each of the variables a) and b) to estimate the variances, 
and the correlation coefficient between 10-weeks and one year results. 


RESULTS 


In all, 86 sets of values of s,°, characterizing the variation between the 
families, s.*, characterizing the variation within the families, and the ratios 
5;2/S92 were obtained, one set for each school. Because of the small number of 
families in many schools, sampling errors produced a considerable variation 
in the 86 observed ratios. By weighting the variance from each school by the 
number of degrees of freedom,* the following averages were obtained: s2 = 
12.9 and s,? = 8.2. The ratio of these averages is: s,2/s.? = 1.57. 

Using the z-test, it is discovered that the probability of finding a ratio as 
large as 1.57 is less than 0.0005, a result which strongly suggests that differ- 
ences among families in post-vaccination sensitivity are still present one year 
after vaccination. 


Table 1 shows the observed and theoretical distributions of the probabilities 
corresponding to the ratios found for the 86 separate schools. Assuming that 
there are no family variations, an average of 8.6 observations would be expected 


? The number of degrees of freedom was 399 for s;2 and 1085 — 485 = 600 for s,2. 
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in each 10 per cent interval, as indicated in the table. A chi-square test reveals 
a highly significant difference between observed and expected distributions, 
corresponding to P of less than 0.0005. This result, which agrees with the 10- 
week test, confirms that the time interval has not eliminated the variations 
between families. 


TABLE 1, VARIANCE RATIOS FOR 86 SCHOOLS ON ONE YEAR TEST, AND 84 SCHOOLS ON 10 WEEK TEST, 
DISTRIBUTED ACCORDING TO CORRESPONDING PROBABILITY FRACTILES (ON THE ASSUMPTION 
OF NO FAMILY VARIATIONS) 


One YEAR TEST 10-WeEK Test 


PROBABILITY FRACTILES 
vOR OBSERVED VALUES OF | Nu 
THE VARIANCE Ratios | 


Expected number of 
ratios in each interval 
(on the assumption of 


Expected number of | 
ratios in each interval} Number of observed 


mber of observed 
(on the assumption of ratios in each 


ratios in each 


interval no family variations) interval no family variations) 
per ont 
0-10 23 8.6 19 8.4 
10-30 26 25 16.8 
30-50 14 17.2 15 16.8 
50-70 il 17.2 15 16.8 
70-90 7 57.2 7 16.8 
90-100 S 8.6 3 8.4 
86 86.0 84 84.0 


TABLE 2. COMPONENTS OF VARIANCES OF TUBERCULIN REACTIONS DUE TO DIFFERENCES IN REACTIONS 
WITHIN FAMILIES AND BETWEEN FAMILIES IN SEPARATE SCHOOLS 10 WEEKS AND ONE YEAR AFTER 
VACCINATION 


A. Results based on all available records 


Source or VARIATION 


Time ELAPSED AFTER NUMBER OF NUMBER OF 
Between families Within families Total variance 
10 weeks 732 1739 13.4 8.9 10.8 
One year 485 1085 | 12.9 8.2 10.1 


B. Results based on records for persons tested 10 weeks as well as one year after vaccination 


Source oF VARIATION 


Time ELAPSED AFTER | NUMBER OF NUMBER OF 
| Between families, Within families | Total variance 
10 weeks 401 898 13.5 9.0 10.8 
One year 401 898 $3.2 8.4 10.3 


In table 2 the estimates of the variance between and within families and of 
the total variance of the one year examination are compared with those of the 
10-week retesting. Section A is based on all records available from the two ex- 
aminations, while Section B is based only on persons tested after 10 weeks 
and after one year as well. Agreement is found between the two sections of 
the table. 
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At the one year retesting the total variance is s? = 10.1 (average per school). 
The variance of the reactions within families was, on the average, s.2 = 8.2, 
which is an unbiased estimate of the population value a,’. 

The increase in the variance from 8.2 within families to 10.1 within schools, 
is due to the different family values of these children. It should, however, be 
noted that s? — s.* = 1.9 is not an unbiased estimate of the corresponding 
population value, (o? — o;"), i.e. the amount by which the family factor would 
contribute to the total variance in a population containing an infinite number 


of families. Assuming a constant number of children, x; = r, in each family, 
an unbiased estimate of o? — o.? would be: 

N h (52 


h being the number of schools analyzed separately and NV the total number 
of children in the / schools. From this it is also clear that s* from any finite 
sample of sibships gives an underestimate of o°. 

o;* = o” — a,” can be interpreted as the variance obtained when the families 
in the population are distributed according to their family value, and s/* is 
an unbiased estimate of this quantity. 

In the material studied here, the number of children per family varies from 
2 to 5; but the great majority of sibships comprise two examined children, the 
N-h 
rh 
can then be obtained by putting r = 2.37, N = 1085 and hk = 86. This gives 


Te Ye 1.13, which means that the biased estimate s* — s2? = 1.9 is to be 


average number being 7; = 2.37. A certain impression of the coefficient 


substituted by s;*7 = 2.15. Correspondingly, s.2 + s? = 10.35 gives a better 
estimate of o? than s*? = 10.1. 

The relative importance of the family factor will, however, not be fully 
expressed by comparing its variance, 2.15, with the variance within families, 
8.2. The latter will include variance caused by experimental errors in the 
technical procedures of BCG-vaccinating and tuberculin testing. In the pre- 
ceding study the variance due to these errors was estimated to be 5.8. This 
estimate, based on results of studies of like-sexed twins, must be considered as 
very rough. Additional information may, however, be obtained from a re- 
cently published study of experimental error in tuberculin testing (Meyer 
et al., 1951). In that study the component of the total variance due to error 
in giving and reading tests is estimated to be 4.0. As this result may be con- 
sidered quite well established, and as something must be added to this value 
to account for errors in the process of vaccinating, it would seem that the 
variance component due to experimental error lies somewhere between 5 and 6. 

The rather high variance due to experimental error will form a part of the 
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variance within families, i.e., 8.2. To illustrate the relative importance of 
familial and individual factors in the development of allergy, it is therefore 
necessary to reduce the variance within families by the variance due to ex- 
perimental error. The remainder is the component of the total variance due 
to biological factors which children possess independent of brothers and sisters. 
Considering the sizes of the variance within families and of the experimental 
error as estimated roughly above, it is evident that while familial factors 
account for approximately 20 per cent of the total variance, their share of the 
total biological variance is considerably higher. 


TABLE 3. CORRELATIONS BETWEEN REACTIONS TO TUBERCULIN 10 WEEKS AND 
ONE YEAR AFTER VACCINATION 


VARIANCE 
Source OF VARIATION AND COVARIATION COVARIANCE 
10 weeks One year CorRELATION 
Total®. . 10.8 10.3 4.4 0.42 
Within families 9.0 8.4 2.8 0.32 


Family components ee 3.1 2.2 1.8 0.84 


* Analysis was made separately for each school, and the total covariance is the weighted average 
of the covariances determined in the individual schools. 


As a simple illustration of the problem, we may set up the following fictitious 
decomposition of the total variance: 


10.3 = 21+ 24+ 58 
8.2 


The first two terms on the right side of the equation are the biological vari- 
ances due to familial and individual factors, respectively, whereas the last 
term represents the variance due to experimental error. Reservations, however, 
must be made with respect to the last term. The value 5.8 has been chosen 
here, but the only thing known is that the variance lies somewhere between 
4.0 and 8.2. 

So far the study has been confined to tuberculin tests at definite time in- 
tervals—10 weeks and one year—after vaccination. The next step in the 
analysis emphasizes the interrelations between the reactions to the two tests. 
The outcome of the calculations is presented in table 3. 

The correlation coefficients of the total reactions and of the reactions within 
the separate families are 0.42 and 0.32, respectively. Their values differ signiti- 
cantly from zero. Further, the two coefficients are significantly different and, 
therefore, this difference indicates that the influence of familial factors tends 
to strengthen the correlation, i.e., makes the relationship more perfect. 

The covariance between the family values involved in the 10-weeks and 
one year results can be estimated in a way analogous to that used for the 
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variance (page 329). From the estimates of the covariance and the two vari- 
ances of the family value, the corresponding correlation coefficient may be 
derived. The calculation is presented in the bottom line of table 3. The correla- 
tion coefficient is 0.84 and indicates a fairly high correlation between the family 
values as obtained by the two retestings. 


SUMMARY AND CONCLUSION 


The material for the present, and for a preceding, study was derived from 
a BCG-vaccination program, carried out according to strict scientific standards 
among school children in a homogeneous rural area of Denmark. Mantoux 
tests with 0.0002 mg. PPD were performed 10 weeks and one year later, and 
the size of induration was used as a quantitative measure of the degree of post- 
vaccination allergy. 

Significant differences were then demonstrated between allergy levels in 
sib groups from separate families. According to this result the capacity to 
develop allergy may be regarded as being determined partly by a family 
factor, characterizing all members of the same sibship, and partly by an in- 
dividual deviation from the family value. 

The variance of the family value in the present population was estimated 
to be 2.1, and it was practically unchanged from the 10 weeks to the one 
vear examination. The variance of the individual deviations from the family 
value was 8.9 after 10 weeks and 8.2 after one year. In other words, the 
family factor was responsible for approximately 20 per cent of the total 
variance of the post-vaccination reactions. When, however, attention is paid 
to the fact that the individual deviation is caused largely by experimental 
errors In vaccination and tuberculin testing, it appears that the family factor 
contributes considerably more than 20 per cent to the pure biological varia- 
tion in allergy producing capacity. 

Combining the results from the 10 weeks and one year tests, a correlation 
coeficient of 0.42 is found between the measured sizes of the reactions. The 
correlation coefficient of the individual deviations from the family value was 
estimated to be 0.32 and the correlation coefficient of the family values as 
0.84. The latter high degree of correlation means that not only is the variance 
of the families according to their characteristic value the same at the two 
examinations, but that the families, apart from random changes, also are 
tanked in the same succession. The hypothesis is confirmed that an individual's 
familial factor represents a constant element in the determination of his sensitivity 
fo tuberculin. 
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The MNSs Blood Group System 


RUTH SANGER anp R. R. RACE 
Medical Research Council Blood Group Research Unit, Lister Institute, London, England 


THE discovery of the MN blood groups resulted from the brilliant work of 
Landsteiner and Levine, (1927a, 19276, 1928a, 1928b). The system seemed 
rounded and, one would have thought, complete. The two antigens M and 
N were derived from a pair of allelomorphic genes, and each of the genes 
was capable of expressing itself when in single dose nearly as well as in double 
dose. Twenty years later Walsh and Montgomery (1947) found, in a sample of 
human serum, an agglutinin which did not coincide with any known at that 
time. Sanger and Race (1947) showed that this aggulutinin subdivided the 
three genotypes of the MN system in such a way that a connection between 
the new antigen, which they called S, and the MW antigens must exist. By 
statistical and genetical investigations they were able to shew that the MNS 
system of blood groups depended either on two allelomorphic pairs of very 
closely linked genes M or N and S ors, or on four allelomorphs at the MV 
locus; the symbols MS, Ms, NS and Ns suited either possibility. The symbol 
s was used to denote the antigen allelomorphic to S which, though presumed 
to exist, could not at this stage be recognized in a positive way; ss indicated 
the absence of the antigen S. 

A second example of the antibody anti-S was found by Pickles in 1948; 
since that time, to our knowledge, eight further examples have been identified. 

Thirty families were tested for the MNS blood groups by Sanger, Race, 
Walsh and Montgomery (1948) and 93 more by Race, Sanger, Lawler and 
Bertinshaw (1949). No examples of crossing-over between the MN and the Ss 
genes were observed among 82 children in yelevant families. Thirty-two Amer- 
ican Negro families have been tested by Neel and Hanig (1951). 

Some effects of the discovery of anti-S on the MN system are shewn in 
Table 1 together with the further effects of anti-s, when it should be dis- 
covered. It was the realization (Race et al., 1949) that anti-s would make the 
MNSs system more “useful” than any other blood group system that stim- 
ulated us to try to make anti-s. In collaboration with Dr. B. H. Kirman of the 
Fountain Hospital, Tooting, London, 61 M.S volunteers were given injec- 
tions of 1 cc. of MsMs, but otherwise matching, blood on three occasions at 
intervals of about three months. Unfortunately none of the 18 or so of the 
donors who might be expected to be homozygous MSMS managed to make 
anti-s. The majority, of course, being heterozygous MSMs could not be ex- 
pected to do so. 

Attempts to distinguish between homozygous SS and heterozygous Ss 
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samples by titrations with anti-S sera were found to have been most success- 
ful when, later, anti-s was available for checking the results. 


TABLE 1. SOME EFFECTS OF ANTI-S ON THE MN sySTEM, TOGETHER WITH THOSE ANTICIPATED 
FOR ANTI-S 


(After Sanger ef al., 1948; Fisher, 1951) 


PHENOTYPICALLY GENOTYPICALLY 


PHENOTYPES GENOTYPES DISTINCT DIFFERENT *IDENTITY 

MATINGS MATINGS 
Anti-M-N 3 3 6 6 37.48% 
Anti-M-N-S 6 10 21 55 20.03% 
Anti-M-N-S-s 9 10 45 55 16.35% 


*“Tdentity” is a measure of failure to distinguish between two random Englishmen. The figure 
is obtained by summing the squares of the phenotype frequencies (Fisher, 1951). 


Four years of search ended in 1951 when Levine, Kuhmichel, Wigod and 
Koch found the first example of the antibody anti-s. 

Dr. Levine very kindly gave us some of the precious serum and the present 
paper records the results of our work with it. The work confirms the opinion 
of Levine and his collaborators; the serum does indeed contain anti-s. 

In our proof which follows the antibody will be called anti-s from the begin- 
ning. 


RELAIIONSHIP OF anti-s TO KNOWN BLOOD GROUP ANTIGENS 


Samples of blood from 229 unrelated, unselected English persons have been 
tested with anti-s. Table 2 shews that the antigen recognized by anti-s bears 
no relation to any of the known blood group antigens save M and N and S; 
these are the only antigens involved in any grave deviation from proportion. 


TABLE 2. THE DISTRIBUTION OF THE S PHENOTYPES RELATIVE TO OTHER BLOOD GROUPS, TO SEX 
AND TO PHENYL THIO-CARBAMIDE TASTING 


Ai As B A: BAz:B M MN N S+ S- P+ 
Anti-s + 97 107/102 60 16 16 9 1.64 96 44/101 103] 148 49 
Anti-s — 6 19] 13 6 3 2 0 1/18 5S 2] 25 o| 21° 4 
cc Ce ce DD Dd dd EE Ee ee Lu(a+) Lu(a—)| K+ K- 
Anti-s + 37 73 64 105 35 2 15 189 19 185 
Anti-s — 4 5 o «4 1 24 
Le(a+) Le(a—) | Fy(at+) Fy(a—) Jk(a+) Jk(a—) P.T.C.+ P.T.C.— 
Anti-s + 48 154 134 70 157 43 73 34—CiCS 
Anti-s 6 19 18 7 16 9 4 7 


| 
Antisera used: Anti-A-A,-B; anti-M-N-S-s; anti-P; anti-C-C¥-c-D-E-e; anti-Lu*; anti-A; anti- 
Le-Le>; anti-Fy*; anti-Jk*. 
A few of the samples were not tested with anti-P, anti-Le* and anti-Jk*; many of the donors 
were not tested for P.T.C. C¥ has been counted as C. Most of the A+ bloods were also tested with 


anti-k, one of the 19 s positives is homozygous AK. 
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The probabilities found by x? tests on these 2 K 2, 2 X 3 etc. tables are 
given in Table 3. The association with the M, N and S antigens cannot be 
attributed to chance. Two of the counts, those involving sex and P.T.C., are 
significant at the 1 in 20 level, but we are convinced that this is nevertheless 
due to chance alone; such disproportion may reasonably be expected in making 
as many as 14 comparisons. This reasoning may also be used to excuse the 
suspiciously good fit in the ABO and Lewis counts. 


TABLE 3, PROBABILITIES OF OBTAINING DEVIATIONS FROM PROPORTIONALITY AS LARGE OR LARGER 
THAN THOSE RECORDED IN TABLE ya AS DETERMINED FROM CHI-SQUARES 


Male: female 0.03 
O: A, & A2:B:A,B & 0.99 
M:MN:N <0.001 
S+:S— <0.001 
P+:P— 0.33 
CC:Ce:cc 0.96 
DD: Dd:dd 0.30 
EE & Ee:ee 0.18 
Lu(a+):Lu(a—) 0.53 
K+:K— 0.83 
Le(a+):Le(a—) 0.98 
Fy(a+):Fy(a—) 0.52 
Jk(a+):Jk(a—) 0.11 
P.T.C.+:P.T.C.— 0.03 


Table 2 shews that all of the 103 samples negative with anti-S, which we are 
in the habit of calling ss, are positive with the anti-s serum. This becomes still 
more striking if we add a further 51 ss relatives of people in Table 2. The 
probability that all of 154 ss samples should be positive with the new serum, 
purely by chance, is much less than 1! in 1000. 


FREQUENCIES 


The result of testing 229 unrelated, unselected English persons with the 
anti-s serum is 


(+204 or 89.08% 
anti-s 4 
| —25 or 10.92% 


This is in close agreement with the 87.82% positive reactions found by Lev- 
ine and his collaborators (1951) in testing the blood of 353 white persons in 
New York with this serum. On the basis of the reactions of anti-S it was cal- 
culated that when anti-s was found it would agglutinate the blood of “about 
89 per cent of Englishmen.” (Race ef al., 1949). 

From the 229 tests the gene frequencies may be calculated thus: S = 
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0.1092 = 0.3305, and s = 1 — 0.3305 = 0.6695. These frequencies are very 
close to those based on tests with anti-S on 1419 English people (Race & 
Sanger, 1950) which are: S = 0.3274, and s = 0.6726. 

Table 4 shews that the anti-s serum, used in conjunction with anti-M, -N 
and -S, does indeed make divisions which are in close agreement with those 
anticipated for anti-s. The expected proportions are based on the results of 
testing, with anti-M, -V and -S, the 1419 samples already referred to. The 
M, MN and N groups are dealt with separately in Table 4 because their 
frequencies in the 229 samples are not ideal; they do not however deviate 
significantly from the expected distribution (x? = 2.09 for 1 d.f., P = 0.15) 


TABLE 4. SHEWING THAT ANTI-S MAKES THE ANTICIPATED DIVISIONS WITHIN THE ./ N.S PHENOTYPES 
OF 229 UNRELATED, UNSELECTED ENGLISH PEOPLE 


REACTIONS WITH ANTI- EXPECTED EXPECTED OBSERVED 
N Ss 


M S s GENOTYPE PROPORTION FREQUENCY FREQUENCY 
- MSMS 0.2172 17.81 18 
+ _ + + MSMs 0.4977 40.81 45 
+ —_ — + MsMs 0.2851 23.38 19 
1.0000 82.00 82 
MSNS 0.0796 8.04 5 
[MSNs| 0.4777 48.25 45 
| MsNS{ 
* MsNs 0.4427 44.71 51 
1.0000 101.00 101 
NSNS 0.0292 1.34 2 
NSNs 0.2832 13.03 11 
sad + — + NsNs 0.6876 31.63 33 
1.0000 46.00 46 


FAMILY STUDIES 


In Table 5 the genotypes are given of 55 English families with 123 children, 
tested with anti-M, -N, -S and anti-s. 

There are 55 genotypically different types of mating in the MN Ss system 
and these have been catalogued, together with the children expected there- 
from, by Sanger ef al. (1948). These matings are reproduced in Table 6, but 
with their expected incidence based on more recent gene frequencies (Race 
& Sanger, 1950). The present collection of families furnishes examples of 26 
of the mating types, and the frequencies agree well with those expected. 

To include in Table 6 the children, expected and observed, from each 
mating would present such printing difficulties that it does not seem justified 
until greater numbers are available. As far as the children are concerned the 
present analysis is therefore confined to S and s. It will be seen in Table 7 
that, when analysed in this way, both the mating types and the resulting chil- 
dren fit very well with the calculated frequencies. Since the calculated fre- 
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TABLE 5. Firty-FIVE ENGLISH FAMILIES WITH 123 CHILDREN TESTED WITH ANTI-M, -N, -S 


FAMILY NO. 
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MATING 
Father Mother 
MsMs MSMS 
MSMs MsMs 
MSMs MSMS 
MSMS MSMs 
MSMs MSMS 
MSMs MSMs 
MsMs MsNs 
MsNs MsMs 
MsNs MSMS 
MsNs MSMs 
MsNs MSMs 
MsNs MSMs 
MsNs MSMs 
MSMs MsNs 
MSMs MsNs 
MsNs MSMs 
MsMs MsNS 
MSNs MSMS 
MSNs MSMS 
MsNS MSMS 
MSNs MSMs 
MSMs MSNs 
MSNs MSMs 
MSMs MSNs 
MSMs MSNs 
MSMs MsNS 
NsNs MsMs 
NsNs MsMs 
NsNs MSMS 
NsNs MSMs 
MSMs WNsNs 
MsNs MsNs 
MsNs MsNs 
MsNs 
MsNs 
MsNs MSNS 
MsNs MSNs 
MSNs MsNs 
MSNs MsNs 
MNSs MsNs 
MSNS MSNS 
MSNS MSNs 
MSNs MSNs 
MSNs 


MSNs 


AND ANTI-S 
CHILDREN 
1 2 3 | 4 
MSMs MSMs 
MSMs MSMs MSMs 
MSMs MSMs 
MSMS MSMs MSMs 
| MSMS 
| MsMs MSMS MSMs 
MsMs MsNs | | 
MsNs | | 
MSMs | MSNs_ | | 
MSNs | MSMs MSNs 
MsMs MsMs | MSMs MsNs 
MSMs 
MSNs | MsNs 
MSMs MSMs 
MSMs | MSMs_ | 
MSNs 
MsMs MsMs MsMs 
MSMS | MSMS 
MSNs_ | MSMS MSNs 
MSMs | MSMs* MSNS MSNS 
MSMs MSMS 
MSMs | MsNs MSMS 
MsNs MsNs MSMs MSMs 
MsNs MSMs | 
MsNs | MSNs MSMs | 
MsNS | MsMs MSNS 
MsNs 
MsNs 
MSNs MSNs 
MSNs MSNs MsNs 
MsNs MsNs 
MsNs MsNs 
MsNs MsNs 
MsMs MsNs 
MsMs 
NSNs | 
MSMs MsNs MSNs 
NsNs MSMs NsNs 
MSMs MSNs MsNs_ | 
MsNs MNSs MNSs 
MSNS NSNS MSMS 
MSMS NSNs MSNS 
VWSMS USMS 
MSNs 


| | 
| 
| 
| | 
| | 
| 
| 
| 
| | 
| | 
| | | 
35 | 
36 
38 
39 
40 
41 
42 
43 
44 | 
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TABLE 5. (Continued) 


MATING CHILDREN 

Father Mother 1 > 3 4 

45 | MSNs MsNS MSNS NSNs MsNs NSNs 
or MsNS or MSNs 

46 MNSs MNSs MNSs MNSs | | 

47 NsNs_ MsNs NsNs | NsNs 

48 | NsNs MsNs | NsNs MsNs NsNs 

49 | NsNs MsNs MsNs 

50 MSNs_ NsNs NsNs NsNs 

51 MSNs_ NsNs MSNs NsNs 

52 NsNs  MSNs MSNs MSNs 

53 MSNs_ NsNs NsNs MSNs 

54 NSNs MsNs MsNS MsNS 


5 NSNs NsNs 


NSNs 


The MNS groups of 12 of these families have been previously reported; the figures in brackets 
are the family numbers in Sanger et al., 1948 (families 1-30) and Race et al., 1949 (families 31-123). 
3(2), 15(47), 21(7), 22(6), 29(73), 33(14), 37(86), 40(15), 41(16), 42(17), 43(98), 45(99). 

Certain of the families are related: the child in family 8 is the mother in family 40; the father in 
9 is the child in 27; the second child in 11 is the mother in 28; the fathers in 21, 41 and 42 are 
brothers; the fathers in 49 and 50 are cousins, sisters the mothers. 

The child in family 5 was a 17 weeks foetus; its blood groups, which were determined without 
difficulty, were As, MSMS, P+, cde/cde, Lu(a—), K—, Le(a—), Fy(a+), Jk(a+-). These groups 
fit those of the parents but the negative reactions with anti-A; and anti-Le* might not have per- 
sisted after birth. 

The birth order is correct, with the qualification that no enquiries were made about miscarriages 
or deaths. 


* Monoz ous twins, scored as one child. Dizygous twins are bracketed but scored as two chil- 
g 
dren. 


quencies are based on the 1419 samples tested with anti-S (and anti-M and 
anti-V) these matings, together with the Mendelian behaviour of S and s 
in the offspring, afford very strong confirmation of the identity of the anti-s 
serum. 

The families can be used in two other ways to prove that this antibody is 
indeed anti-s. 

a.) Known Ss heterozygotes. A person who is S positive but who has an S 
negative parent or child must be heterozygous Ss. In our family material 
there are 67 such persons and the red cells of all of them are sensitized by anti-s. 
The probability of this being due to chance, if anti-s were not associated 
with the s antigen, is but 1 in 250. 

b.) The evidence of linkage. Without any of the foregoing considerations, and 
even if anti-S were still unknown, association of anti-s with the MN system 
would be apparent from the family investigation alone. Five of the families 
are of the type to shew linkage with MN; this they do, and with no example 
of crossing-over. Table 8 gives the results of applying the u statistics of Fisher, 


= 
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TABLE 6. THE 55 GENOTYPICALLY DIFFERENT MATINGS IN THE MNSs sysTEM a 
CALCULATED FREQUENCY | 
TYPE OF MATING OBSERVED IN 55 
| per cent in 55 | 
MsMs X MsMs 0.64 0.35 | 
MsMs X MSMS 0.98 0.54 | 1 
MsMs X MSMs 2.25 1.24 1 
MSMS X MSMS 0.37 0.20 0 
MSMS X MSMs 1.71 0.94 3 
MSMs X MSMs | 1.96 1.08 1 
MsMs X MsNs 3.54 1.95 2 
MSMS X MsNs 2.70 1.49 | 1 
MSMs X MsNs 6.18 3.40 7 
MsMs X MSNS 0.64 0.35 0 
MsMs X MSNs 3.09 1.70 0 
MsMs X MsNS 0.73 0.40 1 - 
MSMS X MSNS | 0.48 0.26 | 0 
MSMS X MSNs | 2.35 1.29 | 2 
MSMS X MsNS 0.55 0.30 1 
MSMs X MSNS | 1.11 0.61 | 0 
MSMs X MSNs 5.39 2.96 5 
MSMs X MsNS | 1.27 0.70 1 : 

MsMs X NsNs | 2.43 1.34 | 2 ‘ 
MSMS X NsNs 1.85 1.02 | 1 ‘ 
MSMs X NsNs 4.25 2.34 2 
MsMs X NSNS 0.10 0.06 0 
MsMs X NSNs | 1.00 0.55 0 
MSMS X NSNS 0.08 0.04 0 
MSMS X NSNs | 0.76 0.42 0 
MSMs X NSNS 0.18 0.10 0 
MSMs X NSNs 1.75 0.96 | 0 
MsNs X MsNs | 4.87 2.68 4 
MSNS X MsNs 1.75 0.96 1 
MSNs X MsNs 8.49 4.67 3\, 
MsNS X MsNs 2.00 1.10 0; 
MSNS X MSNS | 0.16 0.09 1 
MSNS X MSNs 1.52 0.84 
MSNS X MsNS | 0.36 0.20 0 
MSNs X MSNs | 3.71 2.04 2) 
MSNs X MsNS 1.75 0.96 
MsNS X MsNS 0.21 0.12 0 
MsNs X NsNs 6.69 3.68 3 
MSNS X NsNs | 1.20 | 0.66 0 
MSNs X NsNs 5.84 | 3.21 4 
MsNS X NsNs 1.38 | 0.76 0 
MSNS X NSNS 0.05 0.03 0 
MSNS X NSNs 0.50 0.28 0 
MSNs X NSNS 0.25 0.14 0 
MSNs X NSNs 2.41 | 1.33 0 
MsNS X NSNS 0.06 | 0.03 0 


i 
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TABLE 6. (Continued) 
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TYPE OF MATING 


CALCULATED FREQUENCY 


per cent in 55 
MsNS X NSNs 0.57 0.31 
MsNs X NSNS 0.28 0.15 
MsNs X NSNs 2.76 | 1.52 
NsNs X NsNs 2.30 2:97 
NSNS X NSNS 0.00 0.00 
NSNS X NSNs 0.08 0.04 
NSNs X NSNs 0.39 | 0.21 
NSNS X NsNs 0.19 | 0.10 
NSNs X NsNs 1.90 | 1.05 


TABLE 7. ANALYSIS, CONFINED TO THE Ss GENES, OF THE 55 FAMILIES WITH 123 CHILDREN 


OBSERVED IN 55 


MATING CHILDREN 
Frequency SS Ss ss 
Type Expected Expected Observed Total Ex- Ob- | Ex- Ob- Ex- Ob- 
proportion number number pected served | pected served pected served 
SSX SS 0.0115 0.63 1 3 3.00 3 0.00 0 0.00 0 
SS X Ss 0.0944 5.19 t 17 8.50 9 8.50 8 0.00 0 
SS X ss 0.0970 5.34 4 7 0.00 0 7.00 7 0.00 0 
Ss X Ss 0.1939 10.66 11 29 y pe 7 14.50 14 ee 8 
Ss X ss 0.3985 21.92 21 49 0.00 0 24.50 30 24.50 19 
ss X ss 0.2047 11.26 11 18 0.00 0 0.00 0 18.00 18 
Totals 1.0000 55.00 55 123 
TABLE 8. LINKAGE RELATIONS OF THE S$ GENE 
SYSTEM FAMILIES SCORED = (x) 2 330 (x) 
MN 18, 19, 20, 42, 43 10 12 8.06 
4,A,BO 20 a 3 4.03 
ag 18 1 1 2.33 
Rh 4, 19, 20, 43 1 11 7.74 
Lutheran none 
Kell 4, 20 —2 4 4.66 
Lewis 43 1 2.30 
Duffy none 
Kidd 20 —1 | 4.03 
42 —1 3 4.03 
Partial sex 18, 19, 20, 43 —2 8 6.59 


as elaborated by Finney (1940). Linkage at the 1 in 100 level of probability 
is established between s and MN, for D(A) is greater than 2.33 /=(x), which 
is not the case in any of the other comparisons. 

The segregation of genes in family No. 20 is remarkably clear, and this is 


| 

0 

0 

1 

0 

0 

0 

0 

0 

— 1 
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reflected by its appearing six times in Table 8. We have thought it worth while 
to record the full groups of this family (Fig. 1). Incidentally, it is possible 
that blood groups have never been more decisive in confirming the monozygos- 
ity of twins. There is but one chance in 1,000 that these twins, so alike in sex 
and blood groups, are dizygous (Race & Sanger, 1950). 


O 
A2O 
MsNS MSMS 
Pp Pp 
C'De/cde CDe/cde 
Lu> Lu> Lu> 
Kk Kk 
Le(a-6+) Le(a+6-) 
fy? fy fy+fy> 
A,0 A,O oo oo 
MS Ms MS Ms MSNS MSNS 
PP PP P+ Pt 
CDe/cde CDe/cde C*De/cde CDe/cde 
LubLu> Lu*Lu> 
KK KK Kk Kk 
Le(a-b+) Le(a-6+) Le(a- 6+) Le(a-b+) 


Fic. 1. The blood groups of family No. 20. 


Antisera used: anti-A-A,-B, anti-M-N-S-s, anti-P, anti-C-C¥-c-D-E, anti-Lu*, anti-K-k, anti- 
Le*-Le>, anti-Fy* and anti-Jk*. (The groups are written in the order of their discovery; now that 
blood group lists are so long we find that some order is essential, and the chronological seems the 
most rational.) 


DOSAGE EFFECT OF S AND S GENES 


It has already been mentioned that attempts to distinguish SS from Ss 
blood samples by titration with anti-S proved to be successful. Thirty-one 
S+ samples were titrated against 3 anti-S sera. The titration scores for each 
sample were summed and listed. Later, when anti-s became available, it was 
found that there were 5 homozygous SS samples in the 31, and these had been 
placed ist, 2nd, 3rd, 5th and 6th in the list. 

Levine and his collaborators (1951) have already reported that the anti-s 
serum shews the dosage effect. This has also been our experience; it is so 
marked that it is usually possible to forecast correctly the reactions of anti-S. 

The fact that anti-s reacts more strongly with samples known (by being 
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anti-S negative) to be ss than it does with samples known (by family studies) 
to be Ss, is surely in itself almost conclusive evidence of its identity. 

So far no adequate attempt has been made to reveal dosage differences of a 
second order. It may be that the MN constitution influences the detectable 
amount of S and s antigen, just as in the Rh system the presence of D depresses 
the amount of E etc. (Lawler & Race, 1950). 


THE “USEFULNESS” OF THE MNSs systEM 


The implications of the MNSs system in problems of doubtful identity, 
of identical twins, of doubtful parentage and of disputed paternity have 


MN MN NN 
MN.S MNS Ns Ns 
MSNS (MS Ns) (Ns Ns) 
MN MM MN MN MN MN 
MNS MMS MNS MNS MNS MS Ns 
MSNs MS Ms MSNS MSNS MSNS MS Ns 


O O O oO 
MM MM MN NN MM MM NN MN 
MM.S MMS MN.S NN.S MMS MMS NSNs MN.S 
MSMs MSMS MSNS NSNS MSMS MSMS WNSNs MSNS 
Fic. 2. Progressive analysis of a family 
Tested with anti-M and -N in 1937 and at various times since. Tested with anti-S in 1947. Tested 


with anti-s in 1951. I-2 and I-3 have not been tested with anti-s. The lower three families are Nos. 
21, 41 and 42 in Table 5. 


been worked out in detail by Fisher (1951); it is noteworthy that Fisher’s 
paper, which assumes the existence of anti-s, was in the press at the time of 
the identification of the antibody. 

A concrete example of the usefulness of anti-s in genetical work is given in 
Fig. 2. After testing this family with anti-M, anti-N and anti-S the only geno- 
types disclosed were those of I-3, II-6 and III-7. However, after testing with 
anti-s, all the genotypes are made clear and it is possible to trace the parental 
origin of the chromosomes of all 12 children save ITI-3. 


NOTATION 


Sooner or later the notation for the allelomorphic genes M and N will have 
to be brought into line with genetic usage. We feel, however, that a change 
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should not be made at the present time when knowledge of this system is 
advancing. The only type of ambiguity which anti-s appears to introduce 
is, for example, that MsMs describes a blood which has been tested with 
anti-S but which may or may not have been tested with anti-s. As in the Rk 
and Kell systems, where antibodies to allelomorphic antigens have also been 
found, this ambiguity disappears if it is made clear which antisera have been 
used. 
THE MNSs GENES 


In discussing the genetic basis of the MNSs genes, whether there are four 
allelomorphs at one locus or whether two adjacent loci are involved, Sanger 
and Race (1947) said “If a serum anti-not S (or anti-s) is found, the latter ex- 
planation will then be the more probable and the situation will be similar 
to that of the C, D and E antigens of the Rh system.” This opinion has since 
been somewhat strengthened for two reasons. First, Green and Green (1949) 
have found that the character lozenge in Drosophila depends on three genes 
linked so closely that the cross-over rate between adjacent loci is less than 1 
in 1000. Secondly, Race, Sanger and Selwyn (1951) have identified an Rk 
chromosome carrying a D gene but lacking any representation of C and E. 

If two loci are involved in the MN Ss system then the linkage is undoubtedly 
very close. In those of the 123 families (Race et al., 1949) capable of disclosing 
crossing-over between MN and S there was no example amongst 82 children. 
In the 16 relevant families of the present report (excluding 4 counted in the 
previous series) there are 42 children, but no cross-overs. 


SUMMARY 


Investigations are described which confirm beyond all doubt the identity 
of the anti-s serum of Levine, Kuhmichel, Wigod and Koch. The antigen s 
was present in the blood of 89.08 per cent. of 229 unrelated, unselected Eng- 
lish people. This agrees well with the anticipated frequency of 89 per cent. 
based on the reactions of anti-S. Moreover the serum makes the expected divi- 
sions within the MNS system. 

Fifty-five families with 123 children, tested with anti-M, -N, -S and anti-s, 
demonstrate that s is inherited in the way expected of the allelomorph of S. 

Of all blood group systems, MN Ss is now potentially the most useful in 
human genetics and in problems of identity, parentage and paternity. 
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Chalmers for collecting samples from two families, one of them the remarkable family shown in 
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Blood Group Frequencies in the Netherlands 


H. M. VAN DER HEIDE, WILLY MAGNEE, anp J. J. VAN LOGHEM! 
Central Laboratory of the Netherlands Red Cross Blood Transfusion Service, Amsterdam 


Tue blood group distribution for the ABO, MN, Rh and Lewis systems has 
been investigated in a group of 342 students, all of Dutch origin and native to 
various parts of the country. 

ABO system. The distribution of the four main groups in the Netherlands 
has been extensively studied by van Herwerden et al. (1942) and by Gualtherie 
van Weezel et al. (1948). Their findings are summarized in table 1. 

In our group of 342 students, the subgroups of A and AB were tested in 313 
bloods, with results as shown in table 2. Good agreement is found here with 
the genetic theory of four allelic genes (table 2, D-test) and the frequencies 
do not differ significantly from those of earlier studies (table 1). The ratios 
A: A, and A,B: A,B are also in good agreement with previous findings of van 
der Heide and van Loghem (1947), as is shown in table 3. 

MN system. Our results for the MN types are presented in table 4, where they 
are compared with data from an earlier study (van Loghem & Berkhout, 
1948). There is no significant difference in the frequency of the M gene in these 
two samples, and the chi-square test for goodness of fit to the 2-allele theory 
shows satisfactory agreement in both samples, and in the totals: x? = 0.029, 
for earlier study; x? = 0.072, for present study; x? = 0.059, for combined re- 
sults. The weighted gene frequency estimates for the two series, including 542 
bloods, are m = 0.559, n = 0.441. 

Rh system. Investigations of the Rh factors in the Netherlands were started 
in 1946, the delay being caused by lack of contact with the United States and 
England during the war. Graydon et al. (1946) published their findings on the 
Rh types of 130 Dutch residents of Australia, who were native to various 
parts of the Netherlands. These data, together with later more extensive 
series by van Loghem and Berkhout (1948) and van Loghem e# al. (1949), are 
listed in table 5, for comparison with the present findings on 342 students. 

Our own findings and those of Graydon ef a/. are in good agreement; the 
difference in percentage of Ror, 12.3 — 9.6 = 2.7 is non-significant. Also no 
significant difference appears to exist in the percentage of Rir in the two series 
of 995 and 342 bloods, if in the latter group the figures for Ryr and RYr are 
taken together. 

Received June 18, 1951. 

' We are greatly indebted to Dr. A. E. Mourant for his helpful advice in preparing this paper 
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TABLE 1. ABO BLOOD GROUP DISTRIBUTION IN THE NETHERLANDS (PREVIOUS STUDIES) 


TOTAL FREQUENCY Per CENT 
INVESTIGATORS | NUMBER | 
TESTED 


| Group A | | Group AB 
Van Herwerden e# al., 1940, 1941.:.......... 63,971 45.3 42.6 8.9 3 
Gualtherie van Weezel, et al., 1948 .......... 68,216 45.3 42.9 8.6 3. 


1 


TABLE 2. A,A,BO BLOOD GROUP DISTRIBUTION IN THE NETHERLANDS (PRESENT STUDY) 


ToTaL | 
ABO Suscrovps: NUMBER oO Ai Az B AiB AB 
TESTED 
Observed number......... 313 142 96 38 25 7 5 
0.674 0.181 0.085 0.057 
TABLE 3. SuBRGOUPS OF A AND AB IN THE NETHERLANDS 
NuMBER SUBGROUP NUMBER SUBGROUP 
INVESTIGATORS TESTED | TESTED 
Group A Ap Group AB AB 
van der Heide & van Loghem, 603 451 52 145 109 36 
1947 % 74.8 25.2 % 4554 24.9 
+1.2 +1.2 +2.4 +2.4 
Present study 134 96 38 12 7 5 
% 71.6 28.4 % 58.3 41.7 
+2.6 +2.6 +9.6 +9.6 
TABLE 4. MN TYPES AND GENE FREQUENCIES IN THE NETHERLANDS 
GENE FREQUENCIES 
INVESTIGATORS NUMBER M MN N = 
TESTED | 
m | n 
van Loghem & Berkhout, 
PT ee 200 54 101 45 0.523 + 0.024 | 0.477 + 0.024 


Present study............... 342 114 169 59 | 0.580 + 0.018 | 0.420 + 0.018 


Our calculation of the Rh gene frequencies based on the sample of 342 
led to the following results: 


R, = 0.401 + 0.018 
Re = 0.174 + 0.014 
Ro = 0.019 + 0.005 
r” = 0.008 + 0.003 
r = 0.390 + 0.018 
RY = 0.004 + 0.002 
r’” = 0.004 + 0.002 
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Using these frequencies to compute expected phenotype frequencies, com- 
parison of the latter with the observed numbers in table 5, gives (with pooling 
of some classes) x? = 39.795, with 6 degrees of freedom. This unsatisfactory 
fit, due largely to a discrepancy in the Ror class, is one for which we have no 
ready explanation. 

The total percentage of C+ cells was 3.0; this agrees with earlier data 
of van Loghem ef al. (1949), where 3.32% C+ bloods were found among 
300 tests. 

Lewis system. Of the total sample of 342 bloods, 164 were tested with anti- 
Le* serum. The number of positive reactions was 33, or 20.1 per cent. This 


TABLE 5. RH PHENOTYPE FREQUENCIES IN THE NETHERLANDS 


PHENOTYPE PRESENT STUDY Van Locuem Van 
(Most GENOTYPE) Nember (1946) (1948) (1949 
Per cent | Per cent Per cent 
55 16.1 | 16.1 
Rir 121 35.4 | 35.4 
*Ri Re 64 18.7 17.7 
Rar 33 9.6 32.3 12.8 12.0 
Ror 5 1.5 3.3 3.5 
rr 0 0 5 | 0.9 0.9 
ae 2 0.6 0 0.4 0.4 
er 52 35.2 15.4 14.8 14.8 
RTR, 1 0.3 -- 
Total no. tests............ 342 130 745 995 


* We are unable to give a satisfying example for the variations in R,Rz frequencies. 


is not significantly lower than the frequency of 22.04 per cent calculated by 
Race and Sanger (1950) from the combined results of six different investigators. 

Due to the presence of some anti-Le* in the anti-Le® serum available to 
us, the frequency of the Le> antigen could not be determined, and therefore 
no gene frequency estimates are made. 


SUMMARY 


Data on the distribution of the ABO, MN, Rh and Lewis blood groups in a 
sample of 342 Dutch students are here presented and compared with other 
results for the Netherlands and other countries. The gene frequencies found 
in the present investigation are the following: 
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ABO: p, = 0.181 + 0.015 Rh: R; = 0.401 + 0.018 


pe = 0.085 + 0.011 R, = 0.174 + 0.014 

q = 0.057 + 0.009 Ro = 0.019 + 0.005 

r = 0.674 + 0.018 r” = 0.008 + 0.003 

r = 0.390 + 0.018 

MN: m = 0.580 + 0.018 RY = 0.004 + 0.002 
n = 0.420 + 0.018 r’™ = 0.004 + 0.002 


Lewis: Le*+ = 0.201 
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Carabelli’s Anomaly of the Maxillary 
Molar Teeth 


Observations on Mexicans and Papago Indians and an 
Interpretation of the Inheritance 


BERTRAM S. KRAUS 
Department of Anthropology, University of Arizona, Tucson, Arizona 


INTRODUCTION 


THE PROTOSTYLE, a tubercle on the lingual surface of the mesiolingual cusp 
of the maxillary first molar tooth, was first described by Carabelli in 1842. 
Dietz (1944) found that the so-called Carabelli “tubercle” or “cusp” had a 
variety of expressions, and he defined 4 main categories: lobular, cuspoid, 
ridged, and pitted. Because of the morphological variability in the expression 
of the “cusp” of Carabelli, including indented surfaces (ridges or pits), it is 
felt that the term Carabelli’s Anomaly is more applicable to the facts. 

Studies of twins, both identical and fraternal, have indicated the hereditary 
basis, in extreme detail, of the dentition (Montagu, 1933; Bachrach & Young, 
1927; Korkhaus, 1930a,b; Newman, 1940). That the Carabelli Anomaly is an 
inherited feature is already accepted (Dietz, 1944; von Eickstedt, 1942; 
Korkhaus, 1930). The mechanics of inheritance is not known, although Dietz 
regards the trait as a mendelian dominant and adds that “‘.. . the number of 
types found and the intensity of their expression may be a manifestation of 
complex genetic factors.” 

Generally the Anomaly is bilateral, but Hirakawa (1938) and Dietz (1944) 
found rare unilateral cases. It occurs commonly on the maxillary first molars, 
although Carabelli himself pointed out that the cusp may occur on any of the 
maxillary molars. Its occurrence is rarest on the third molar. Pedersen (1949) 
provides a table of incidences of the Anomaly on each of the three molars 
among the different races, and from this table it appears that the trait has a 
higher frequency on the third than on the second molar. Dietz’s findings, 
however, reveal a frequency of occurrence on the second molar of over 4 times 
that on the third molar. 

Few racial studies of the anomaly have been made and often these do not 
recognize all of the categories which we regard as expressions of the anomaly. 
Some investigators, however, have taken into account these phenotypic varia- 
tions and have made significant reports on their frequency. It is Pedersen’s 
opinion that the anomaly is of much higher frequency among Caucasoids 
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than among Mongoloids. Dietz (1944) found the anomaly, in its varied forms, 
in 723 cases out of 1,000 American Army males (presumably the majority at 
least were Caucasoid). Pedersen and the writer found only 4 occurrences 
among 70 southern Arizona Indian crania. Pedersen, significantly, found not 
a single occurrence of the anomaly in East Greenland Eskimo cranial mate- 
rial, which closely approximates a sample from a homogeneous population. 
He concludes from his study (1949) that “...the incidence of Carabelli’s 
cusp (and pit) is practically nil in the East Greenland Eskimo, being absolutely 
the lowest heretofore recorded for any racial or local group of fair size. It 
can also be accepted that the low incidence of Carabelli’s tubercle is a typical 
feature in the dentition of Asiatic Mongols, although variations seem to occur.” 

With more accurate description and fuller recognition of the variable ex- 
pressions of the Carabelli Anomaly, plus a knowledge of the mechanism of in- 
heritance, this trait may well become a new criterion of the first order for racial 
differentiation and may provide another genetic tool, along with the blood 
groups, for the study of race history. 

The present paper, through the study of one large and several smaller pedi- 
grees of Carabelli’s Anomaly, presents an hypothesis for the hereditary trans- 
mission of this dental trait. 


DESCRIPTION OF PEDIGREES 


The Aros family, which comprises the main pedigree of this report, is of 
mixed Caucasoid (Spanish) and Mongoloid (Mexican Indian) ancestry. There 
is no question of the accuracy of the lineages presented in the pedigree dia- 
gram (fig. 1). The extended family included 11 conjugal units (husband, 
wife, and children) plus 24 individuals unmarried or without children. A 
total of 43 individuals was examined, distributed by generations as follows: 
1 in generation J, 12 in generation //7, 22 in generation ///, and 8 in generation 
IV. Casts were made of the maxillary dentitions of 37 individuals: 1 in genera- 
tion J, 11 in generation JJ, 20 in generation JJ], and 5 in generation JV. 
Three members of generation JV had not yet erupted their second deciduous 
molars, hence the presence or absence of the trait could not be determined. 
Two members of generation JJ had had both first molars extracted and showed 
no traces of the anomaly on the remaining molars. Two members of genera- 
tion JJ who married Aros brothers were not examined. Casts of one member 
who married an Aros girl of generation JJ have not yet been received; this 


‘Many observers have noted the high degree of similarity in morphological features between 
the Ist permanent and 2nd deciduous molars. Dahlberg (1950) points out that the latter “retain 
evolutionarily primitive characters when even the morphologically very stable first permanent 
molar has lost them. This rule is demonstrated commonly in observations of other dental charac- 
ters, such as occlusal surface patterns.’’ The Carabelli Anomaly is well established as one of these 
dental characters. 
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Armed Forces in Newfoundland. In generation 


there is one pair of identical and one pair of fraternal twins. 


Most of the members 
live in Los Angeles, Cal 


of the Aros family live in Tucson, Arizona, several 
ifornia, one conjugal unit is in Savannah, Georgia, 


and another lives in Cheyenne, Wyoming. Casts of the Cheyenne family group 
were taken by a local dentist. All impressions were taken with Elastic Impres- 


sion Cream and casts we 


re made with Rapid Stone. 
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Fic, 2. Pedigrees of three Pay 
as in Fig. 1, 
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ric. 3. Pedigrees of four Mexican 


In the course of the study 
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FAMILY LOPEZ 


ago Indian families exhibiting Carabelli’s Anomaly. Symbolism 
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FAMILY ENCINAS 


ESS 


FAMILY MILES 
families exhibiting Carabelli’s Anomaly. Symbolism as in Fig. 1. 


it was found advisable to gather data on additiona 
es were studied at the Papago Indian Reservation 
g. 2). Four families of Mexican ancestry (mixed 


Indian-Spanish ancestry) were examined in Tuscon (fig. 3). 


It should be emphaticall 


y stated that the Mexican and Papago families 


were selected with respect to Carabelli’s anomaly. Numerous Papago children 
at San Xavier were examined before a few were found possessing the trait. 
The families of these propositi were then studied. The anomaly, at least in 


its more pronounced express 


sions, was found to be relatively rare among the 
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Papago. Children showing an absence of the trait almost invariably came from 
families with a like absence. 

Mexican children were examined in some of the Tucson public schools. 
The families of four such children, showing the trait in one degree of expression 
or another, were then examined. 


PRONOUNCED TUBERCLE PRONOUNCED TUBERCLE 
(Aros Family, ///-4) (Aros Family, ///-13) 


SLIGHT TUBERCLE Pit 
(Aros Family, / 1-6) (Encinas Family, /-/) 
> 


GROOVE ABSENCE 
(Encinas Family, //-2) (Encinas Family, //-1) 
Fic. 4. Photographs of maxillary dental casts, illustrating various expressions of Carabelli’s 
Anomaly. 


The propositi for the Aros family consist of identical twins, ///-24 and ///- 
25. The twins were first examined anthropometrically in conjunction with 
another research project. Because of the marked similarity of their dentitions 
it was decided to study the entire family. The Aros family may therefore be 
regarded as unselected with respect to the presence and distribution of the 
trait herein reported, namely Carabelli’s Anomaly. 
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METHOD OF CLASSIFICATION 


While Dietz’s fourfold classificatory system is basic to this study, minor 
modifications were found necessary. It was felt that since both pits and grooves 
(ridges) represented indented surfaces, possibly due to invagination of the 
enamel epithelium (Dietz, 1944), there was no need to classify them sepa- 
rately. In all the pedigrees constructed there was not a single case of well- 
defined pitting. This is in accord with Dietz’s finding of only 5.53% of the 
pitted type in 723 casts showing one or another manifestation of the anomaly. 

The term “groove” is preferred to “ridged” for two reasons: most commonly 
a single furrow or groove is found indenting the lingual surface of the mesio- 


‘ 


lingual cusp of the molar, and no true “ridge” was observed in any case. Occa- 


Fic. 5A. Similar expression of Carabelii’s Fic. 5B. Dissimilar expression of Carabelli’s 
Anomaly in identical twins: ///-24 (above) and — Anomaly in fraternal twins: ///-15 (above and 
111-25 (below), Aros family. III-16 (below), Aros family. 


sionally a small pit may be found at the superior end of the groove but the 
groove in these cases is the predominant expression.* 

The terms “pronounced tubercle”’ and “slight tubercle’ have been adopted 
in place of Dietz’s ‘‘cuspoid’” and “lobular”, respectively. A pronounced 
tubercle is defined as a well-marked rounded elevation, possessing a free or 
independent apex at its most inferior extension, and with both anterior and 
posterior borders clearly distinguishable from the surface of the adjoining 
mesio-lingual cusp of the molar. A slight tubercle is one best described, perhaps, 


* Shapiro (1949) has worked out a classification of the Anomaly based upon the types of groove 
alone and claims it is a much more reliable index of the development of the tubercle than an estimate 
of its size or shape. The present author reserves judgment on this statement until current histo- 
logical observations of Carabelli’s anomaly are completed. The important point to note in connec- 
tion with the present paper is Shapiro’s emphasis on the “development” of the tubercle. This view- 

joint is consistent with the genetic interpretation presented herein. 
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as a bulge, with no inferior apex and without clear definition of at least one 
border. The three aspects of Carabelli’s Anomaly as herein defined, plus the 
total absence of the trait, are illustrated in fig. 4. 


RESULTS AND DISCUSSION 


An examination of the 8 pedigrees presented clearly suggests a genetic in- 
terpretation based upon the assumption of 2 allelic autosomal genes without 
dominance, or, in other words, with “intermediate” dominance in heterozy- 
gotes. Thus, we may assume three genotypes corresponding to three pheno- 
types as follows: cc results in complete absence of the Anomaly, CC results in a 
“pronounced tubercle” as the strongest expression of the Anomaly, while Cc 
expresses itself in a wide variety of phenotypic appearances, ranging from 
slight grooves or pits to slight tubercles or bulges. Utilizing this simplest 
explanation which takes into account the varying “‘degrees” of the Anomaly, 
it will be seen that there are no contradictions to the hypothesis presented in 
any of the 8 pedigrees. By way of example, the genotypes inferred on this 
hypothesis are shown for the largest family studied, the Aros pedigree (fig. 1). 

That other genetic factors may be responsible for minor variations within 
the three postulated genetic classes, and especially in the more variable hetero- 
zygous class (Cc), is suggested by observations on two pairs of twins occurring 
in the Aros pedigree. Both of the identical twins, J77-24 and III-25, show a 
“slight tubercle” bilaterally, and this is very similar in its size and shape (fig. 
5A). On the other hand, the fraternal twins, J/J-15 and III-16, who are also 
evidently both heterozygous for the gene C, show different expressions of this 
genotype; in the former there is a slight pit and groove, in the latter a pro- 
nounced groove and slight tubercle (fig. 5B). 
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Blood Group Distribution in Basques 


H. M. VAN DER HEIDE, WILLY MAGNEE, J. J. VAN LOGHEM! 
Central Laboratory of the Netherlands Red Cross Blood Transfusion Service, Amsterdam 
AND 


L. SOUCHARD 


Regional Blood Transfusion Service of the Basses Pyrénées, Biarritz, France 


THE Basques located in the northern part of Spain and south-western part of 
France near the Pyrénées form a population anthropologically distinct from 
the surrounding populations (Barge, 1938). Moreover, investigations of the 
Basques have revealed unusual blood group frequencies. 


Boyd et ai. (1937) made tests for the ABO groups in 229 Basques living at San Sebastian, 
Spain. They found a high percentage of group O and a low percentage of group B. Their 
sample was shown statistically to be heterogeneous, but subsequent more extensive studies 
have confirmed the finding that group O has a higher frequency among Basques and group 
B a lower frequency, as compared with western Europeans in general. 

Table 1, taken from Etcheverry (1949), shows the frequencies of the ABO groups found 
by several investigators in Basques living in Europe and in South America. It appears that 
the frequency of group O is always above 50 per cent and that the percentage of group B is 
generally very low. Cajiao, it should be noted, found a relatively larger proportion of group 
B, but this author included some families having the B factor. 

Chalmers et al. (1949) made tests for the ABO groups and A-subgroups (A; and Ag) in a 
series of 383 Basques, mostly of Spanish origin, and recorded the following frequencies: 


Subgroup: O Ay Ao B AiB AeB 
Frequency(%): 51.17 37.34 6.27 4.18 1.04 — 


The M-N distribution in Basques is hardly different from that of other western Europeans, 
but the Rh frequencies have again proven to be unusual. Among 250 people of Basque origin 
living in Argentina, Etcheverry (1945, 1947) found 35.6 per cent Rh-negative. Moulinier 
(1949) found 28.7 Rh-negatives among 233 Basques at Navarre, Spain; 42.5 per cent Rh— 
among 250 Basques at Soule, France; and 35.25 per cent Rh— among 89 Basques in the 
Bearnais region. Guasch (1950) reported 24.34 per cent Rh-negatives among 649 Spanish 
Basques. Eyquem (1950) found an even higher frequency, 42 per cent, among 400 Basques 
living in Navarre; however, in calculating the frequencies, family relationship within the 
group was not taken into consideration. 

Thus, in Europe, about 20-40 per cent of the Basque population has proven to be Rh- 
negative, a proportion distinctly higher than that found elsewhere in western Europe (Fisher 
& Race, 1946; Bessis & Gorius, 1947; van Loghem & Berkhout, 1948). 


These remarkable findings on the Rh groups of Basques made Mourant 
(1947) and Etcheverry (1949) suggest the hypothesis that the Basques are 
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very pure descendants of a population which originally lived in western Europe 
and was predominantly Rh-negative. Invasions of Rh-positive peoples from 
eastern Europe and Asia are supposed to have mixed with this original western 
European population and thus jointly contributed to the present distribution 
in the Rh system. Perhaps because of ecological barriers the Basques were 
protected longest from mixing with the bearers of Rh-positive blood. 


TABLE 1. REPORTED FREQUENCIES OF ABO GROUPS IN BASQUES (PER CENT) 


INVESTIGATORS A B AB 
Locality 
Etcheverry (1949) 250 56.0 40.8 2.8 0.4 
Boyd, et al. (1937) 229 56.8 39.7 13 2.2 
Dujarric de la Riviére, Kossovitch 41.7 1.4 — 
Martial ? 53.5 42.8 2.8 0.9 
Jauréguiberry ? 62.0 36.0 2.0 — 
Haute Soule 
Darmendrail ? 66.0 32.0 2.0 — 
Hasparren 
Ganzarain Cajiao 200 52.0 39.5 6.5 2.0 


Chili 


TABLE 2. ABO GROUPS AND SUBGROUPS IN BASQUES (PRESENT STUDY) 


A Ay A B AB AB 


Gene frequencies: = 0.257 + 0.002; ¢ = 0.025 + 0.008; r = 0.720 + 0,023 
D=1-—-p—q-—r = 0.002 + 0.005 


PRESENT INVESTIGATION 


One of the present authors (L. S.) was recently granted the opportunity of 
collecting bloods from a group of 181 Basques living in Biarritz and the sur- 
tounding area. The samples were taken by venepuncture and dispatched by 
air to Amsterdam. The longest time lapse between the drawing of the blood 
and the examination was 48 hours. The samples all arrived in good condition, 
and difficulties due to hemolysis or bacterial contamination were not en- 
countered. 

Judging from the family names of some subjects, a number were of Spanish 
Basque descent; the majority, however, were French Basques. Family re- 
lationship within the total group examined cannot be wholly excluded, but 
we avoided this as much as possible. 

ABO system. Table 2 shows the results of our tests for the ABO groups. 
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Unfortunately, the subgroups of A were tested in only 50 out of 78 cases, and 


same 
subgroups of AB in only two out of 3 bloods. Consequently the frequencies of anti-] 
genes A, and Az (pf; and p2) have not been calculated. Fai 


Chalmers et al. (1949) calculated the following gene frequencies for their Chalt 
sample of 383 Basques: ~: = 0.215, p2 = 0.041, g = 0.027, r = 0.717. Com- 


TABLE 3. MN Types IN BASQUES (PRESENT STUDY) 


M | MN N 
38.1 | 42.0 | 19.9 
Thes 
Gene frequencies: m = 0.591 + 0.025; n = 0.409 + 0.025 of 38 
x? = 3.123, DF. = 1 7 
Tal 
TABLE 4. RH PHENOTYPE AND GENE FREQUENCIES (PRESENT STUDY) 
Puenotype*® (Most Prospasie GENOTYPE) NUMBER | PER CENT GENE FREQUENCIES*® 
CDe/CDe_ 
CDe/cde Rir 60 |= 33.1 
CDe/cDE__ R,R;z 20 11.0 
cDE/cde Rar 16 8.8 cde (r) = 0.493 + 0.025 ; 
cde/cde rr 4H 24.3 Cde (r’) = 0.012 + 0.005 
Cde/Cde rr 1 0.6 CDe (R:) = 0.416 + 0.025 
Cde/cde rr 1 0.6 cdE (r”) = 0.006 + 0.004 
cdE/cdE 2 ad 1 0.6 cDe (Ro) = 0.006 + 0.004 5 
cDe/cde Ror 1 0.6 CdE (ty) = 0.006 + 0.004 : 
CrDe/cDE RYR:) 1 0.6 CDe (RY) = 0.006 + 0.004 prop 
CdE/cde ryt 1 0.6 cDE (R.) = 0.055 + 0.011 
CdE/CDe 1 0.6 ( 
CdE/Cde ryr’ 1 0.6 
CD"e/cde ir 1 0.6 in 
— gen 
181 | 100.3 Ra 
* All bloods were tested with anti-C, D, E, c, C and D*. Since anti-e serum was not available : 
for these_tests, the gene frequency for cDE has been computed as the difference: 1 — (CDe + ind 
cDe + cde + ---). 
The gene C’De was found only in combination with cDE. Therefore no figure is given for the ¢ 
frequency of gene CDe; in fact, the figure given for the frequency of gene cDE might be regarded Sol 
as representing cDE + C*De. we 
tes 
paring the sum ~; + p2 = 0.256 with our estimate p = 0.257, it is apparent | 
that our findings are very similar. da 
MN system. Table 3 gives our results for the MN blood types. A somewhat nit 
smaller frequency of the M gene was found by Chalmers ef al.: m = 0.538 + fre 
0.017, but this value does not differ significantly from the value m = 0.591 
in our sample. pl 


Rh system. Table 4 summarizes our findings on the Rh blood types in the su 


ir 
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same series of 181 Basques. All of these bloods were tested with anti-C (rh’), 
anti-D (Rho), anti-E (rh’’), anti-c (hr’), anti-C*, and anti-D». 

Fairly close agreement is again found between our results and those of 
Chalmers et a/., who recorded the following estimated gene frequencies: 


cde = 0.5316 + 0.017 
Cde = 0.0147 + 0.004 
CDe = 0.3756 + 0.017 
cdE = 0.0025 + 0.002 
cDe = 0.0050 + 0.002 


cDE = 0.0707 + 0.009 


These workers found 27.4 per cent Rh-negative (cde/cde) bloods in the sample 
of 383 Basques, compared with our finding of 24.3 per cent. 


TABLE 5. BLOOD GROUP GENE FREQUENCIES AND TESTS OF HOMOGENEITY. BUNSCHOTEN AND 
SPAKENBURG, NETHERLANDS 


ABO System MN System | Ra System 


fb: = 0.172 + 0.015 cde(r) = 0.501 + 0.020 

po = 0.104 + 0.012 m = 0.518 + 0.020 Cde(r’) = 0.014 + 0.005 

p = 0.269 + 0.018 n = 0.482 + 0.020 CDe(R:) = 0.375 + 0.020 

q = 0.056 + 0.009 cdE(r”) = 0.004 + 0.003 

r = 0.675 + 0.019 cDE(Re) = 0.106 + 0.012 
| x? = 0.848 x? > 30 

D=0 + 0.020 DF. = 1 . D.F. = 4* 


* The unsatisfactory fit of the data to the genetic theory is largely due to a discrepancy in the 
proportion of CDe/cDE (R,Rz) samples. 


Our own results are probably somewhat atypical because of the inclusion 
in the series of a single family containing three genotypes involving the rare 
gene-complex CdE (ry). This family has been described elsewhere (Grove- 
Rasmussen ef al., 1951). 

Vaccaro et al. (quoted by Chalmers et al.) found 33 per cent Rh-negative 
individuals among Basque immigrants in Chile. It has been assumed that these 
unusually high figures for the Rh-negative type found by Etcheverry and other 
South Americans may be due in part to the fact that too weak anti-D sera 
were used. We cannot support these observations since in our series of 181 
tests we encountered only one individual carrying the gene D». 

Comparing the results of our own study and that of Chalmers e¢ a/. with 
data on western Europeans in general, it appears that Basques show a sig- 
nificantly higher frequency of the gene cde (r) and a significantly lower 
frequency of the gene cDE (R:). 

But table 5 will show that the Basques do not occupy an entirely unique 
place in western Europe so far as the frequency of cde is concerned. This table 
summarizes a preliminary blood group investigation on a Dutch population 
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group which is considered to be autochthonous and to have been settled near 
the former Zuiderzee for ages. The tests were carried out by one of us (v. d. H.) 
on a group of 279 residents of Bunschoten and Spakenburg, in the province of 
Utrecht. 

The Rh phenotype cDe (Ro) and the gene C” were not encountered in this 
group. Whereas in Holland generally the frequency of cde (r) is about 0.375, 
the people of Bunschoten and Spakenburg reveal a significantly higher fre- 
quency of this gene-complex (0.501 + 0.020), about equal to that found in 
French and Spanish Basques. Although in this and other Rh gene frequencies, 
the Basques and the natives of Bunschoten do not differ significantly, this of 
course does not mean that the two groups are necessarily comparable anthropo- 
logically. 


SUMMARY 


Data are presented concerning the ABO, MN and Rh gene distributions in 
a group of 181 Basques living in the vicinity of Biarritz in south-western 
France. The findings are compared with a number of other investigations on 
Basque populations. The gene frequencies found in the sample of 181 are the 
following: 


Rh: cde = 0.493 + 0.025 

ABO: p = 0.257 + 0.022 Cde = 0.012 + 0.005 
q = 0.025 + 0.008 CDe = 0.416 + 0.025 

r = 0.720 + 0.023 cdE = 0.006 + 0.004 

cDe = 0.006 + 0.004 

MN: m = 0.591 + 0.025 CdE = 0.006 + 0.004 
n = 0.409 + 0.025 CDe = 0.006 + 0.004 


cDE = 0.055 + 0.011 


That the Basques are not unique among western Europeans in their high 
frequency of Rh-negatives is revealed in a preliminary study of 279 inhabitants 
of the Dutch villages of Spakenburg and Bunschoten in the province of Utrecht. 
The frequency of the Rh-negative gene is here cde = 0.501 + 0.020. 
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A Note on the Detection of Interchanged 
Children’ 


C. W. COTTERMAN? 


Institute of Human Biology, University of Michigan, Ann Arbor, Mich. 


INTRODUCTION 


IN man and pedigreed domestic animals it is frequently desired to test certain 
hypotheses concerning the relationship between two or more individuals. 
For this purpose blood groups have been found ideally suited because of their 
precise genetic behavior and not too unequal population gene ratios. Also 
well known in both man and animals is the use of blood groups for diagnosis 
of zygosity in twins and larger litters. This latter application may be regarded 
as another example of the general problem, namely that of distinguishing be- 
tween two or more hypotheses regarding relationship. 

For any given serological or other genetic system, one can specify the prob- 
ability that the system will furnish disproof of hypothesis R, (say), when R;, 
is false and when relationship is actually in accord with a second hypothesis, 
Ro. For example, we may be interested in knowing the probability of excluding 
paternity (hypothesis R;) when tests are made on a man and a child who are 
actually “unrelated” (hypothesis Ry). Or, we may wish to state the chance of 
excluding monozygosity (R,) for a pair of twins which are full-sib dizygotic 
twins (Ro). In each case, hypothesis Ry is needed in order to supply the prob- 
ability distribution of the various combinations of phenotypes, some of which 
may be taken as disproof of R,. 

For most of the common situations arising in medicolegal work, and for 
most of the simpler blood group systems known in man prior to the Rh era, 
Wiener (1930-1935) has derived general formulae for the probabilities of ex- 
clusion, these being functions of the gene frequencies. Such formulae are of 
interest in showing how the usefulness of the system for any given problem 
will vary according to the population gene ratio. One of the objects of the 
present note is that of bringing together and comparing graphically such gene 
frequency functions, appropriate to the several kinds of problem. In doing so, 
the author will introduce distinctions between certain “classes” of exclusion 
which seem useful in understanding the interconnections between the various 
problems and which facilitate in particular the discussion of one of the more 
complex problems, namely, the detection of interchange between children 
belonging to two families. 


1 Publication was aided in part by a grant from the Purebred Dairy Cattle Association. 
2 Present address: School of Veterinary Medicine, University of California, Davis, Calif. 
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The treatment will be restricted to autosomal two-gene systems with or 
without dominance, as exemplified by the human “secretor” and M-N factors, 
respectively. Derivations of the various gene frequency functions will not be 
given, as these can be easily found by applying a tabular method recently de- 
scribed by Fisher (1951), which lends itself both to the subdivisions and ex- 
tensions of medicolegal problems considered in this note. 


TESTS INVOLVING TWO INDIVIDUALS 


When tests are made on only two individuals, a and b, only two hypotheses 
concerning relationship are capable of absolute disproof, irrespective of the 
number and complexity of the genetic systems available, so long as we are 
limited to autosomal genetic factors. In specifying “absolute” disproof, we 
ignore, of course, the possibility of exceptional genetic events, such as muta- 
tion. The requirement for excludability of R; is that the relationship must 
demand that at least one gene of common origin be shared by the two rela- 
tives. Neglecting complex relationships made possible through inbreeding, only 
two classes of relationship meet this requirement: parent-child relationship 
and monozygosity (or identity). Consequently, the three kinds of medicolegal 
problem involving but a single pair of individuals are the following: 


Hypothesis R, Hypothesis Ro 
(1) Identity (r = 1) “Unrelated” (r = 0) 
(2) MZ twinning (r = 1) DZ full-sib twinning (r = 3) 
(3) Parent-child (r = 3) “Unrelated” (r = 0) 


In problem (1) we wish to ask how often the genetic system will exclude 
identity when bloods of two unrelated individuals are tested. Designating 
this probability by J, we may easily find 1 — J by summing the squares of 
the phenotype frequencies, as noted by Fisher (1951). Thus, if » and g are the 
frequencies of two allelic autosomal genes, and if 6 = pg, the expected fre- 
quency of exclusions of identity is 


I’ — (p*)? (2pq)* (q*)? = 49 — 662 
for two-gene systems lacking dominance, and 


for two genes showing dominance. (Throughout this note, a prime (’) attached 
to any probability symbol will denote application to 2-gene systems without 
dominance; a double prime indicates application to 2-gene systems with domi- 
nance.) Maximal chances for exclusion of identity are as follows: max J’ = 
0.625 at @ = 3, or when p = g = 3; and max J” = 0.50 at p = 0.29289 or 
at dominant trait (antigen) frequency p(2 — p) = 3 (fig. 1). In general, for 
any genetic system, the chances for exclusion of identity must be greater than 
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for any other problem, since we are discriminating between two extremes of 
relationship (coefficient of relationship r = 1 or 0). 

For exclusion of monozygosity in dizygotic full-sib twins derived from un- 
related parents, the corresponding probabilities are smaller quantities, namely 


J' = 20 — 
and J’ 30q(3 + 4), 


as shown by Wiener (1935) and by Rife (1938). They have the following max- 
ima: max J’ = 0.40625 at @ = }, and max J” = 0.27233 at p = 0.31386 or at 
dominant trait (antigen) frequency p(2 — p) = 0.52921 (fig. 1). 

Ordinarily, in human disputed paternity investigations, tests are made on 
at least three individuals, a man (A), a child (a), and the assumed mother of 
the child (A’). When the mother refuses examination, is dead, or is for any 
other reason unavailable for testing, or when maternity itself is unknown or 
doubtful, decisions about the paternity of @ must be based solely on tests 
performed on A and a. Similar conditions may obtain in cases involving a 
disputed maternity of A’ for a. We therefore wish to ask how often a given 
genetic system will exclude parent-child relationship when A and a are actually 
unrelated. For two genes lacking dominance, only two combinations of pheno- 
types (M@M-—-NN or NN—MM) are capable of disproving parent-child re- 
lationship, and each of these will occur, on hypothesis Ro, with frequency 
?’¢ or &. If, for any genetic system, we let C stand for the probability of such 
exclusions, then 


C’ = 26 


for two gene systems lacking dominance, and this function has a maximal value 
of 0.125 at 6 = 4, or when p = g = 3 (fig. 1). For two genes showing domi- 
nance, no combination of phenotypes is capable of disproving parent-child 
relationship, so that we may write C” = 0. 


EXCLUSION OF PATERNITY 


Suppose that three individuals are tested: a man (A) falsely represented as 
father of a child (a), and the latter’s mother (A’). We assume that A and A’ 
are unrelated, and similarly for A and a. For any given serological system, we 
can now distinguish three kinds of conclusion permitted by the test results: 


AFa *““A may be father of a” 
AFa “A is not father of a, whoever is mother of a”’ 
AA'Pa “A is not father of a, if A’ is mother of a” 


Examples of test results permitting the three statements may be illustrated 


fo 


A 
re 
n 
fo 
st 
a 
r 
i 
lo 
a 
d 
f 
Cc 
ir 
if 
te 
a 
a 
1 
V 


DETECTION OF INTERCHANGE 


for M and N blood group reactions: 


AeMM A’e MN Ae MM A’e MN AeMM A'’eMM 
ae MN ae NN ae MN 
(AFa) (AFa) (AA'Pa) 


The first example of exclusion illustrated here (AFa) may be termed un- 
conditional exclusion of paternity; the denial of A’s paternity for a in no way 
rests upon the test result for A’ nor on the assumption that 4’ is actually 
mother of a. In fact, A’ might as well have remained untested, and it is there- 
fore clear that, for any genetic system, P(AFa) = C. 

The symbol (AA‘’Pa) may be regarded as an abbreviated notation for the 
statement AFa . A’Ma. AA’§a, to be read in general: “A may be father of 
a, and A’ may be mother of a, but A and A’ are not jointly parents of a.” 
This, of course, is a kind of negation of ‘‘A is father of a, and A’ is mother of 
a” and allows three possible interpretations. Under certain conditions the 
result (AA ’Pa) may be taken as disproof of maternity alone, as, for example, 
in a one-sire herd where paternity can be considered indisputable. In the fol- 
lowing section we shall mention situations in which (AA’Pa) may be accepted 
as evidence of non-parentage for both A and A’. But, in connection with 
disputed paternity investigations, 4 A’Pa may be said to provide a conditional 
exclusion of paternity, the condition being that we accept A’ as mother of a. 
Ordinarily, such exclusions will be considered just as forceful as unconditional 
exclusions of paternity, and the distinction is therefore primarily of interest 
from the view that AA’Pa can have different interpretations under varying 
circumstances. 

As shown by Wiener et al. (1930), P(AA’Pa) = @ — 36° for two genes lack- 
ing dominance, while P(AA’Pa) = 69° for two genes with dominance. Hence, 
if we let (A $a) stand for either unconditional or conditional exclusion of pa- 
ternity, i.e. 

Aga = AFaa AA'Pa, 


and let D = P(A a) on the hypothesis of this section, we have 
D' = C' +06 — 3@ = o(1 — 8) 
and DY” = C” + 0¢ = 04°. 


These functions have the following maximal values: max D’ = 0.1875 at @ = 
{, and max D” = 0.08192 at p = 0.2 or at dominant trait (antigen) frequency 
p(2 — p) = 0.36 (fig. 1). 

In reference to maternity, we may use symbols (A’Ma), (A’Ma) and (A‘a) 
with meanings analogous to the three statements concerning paternity, and 
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it is evident that we could write C = P(A’Ma) and D = P(A’Sia) under 
conditions in which A and A’ are reversed in the statement of the hypothesis 
of this section. 


EXCLUSION OF JOINT PARENTAGE 


Suppose that tests are made on three individuals, a man (A), a woman 
(A’) and a child (a), A and A’ being unrelated to each other and to the child 
a. For any given serological system, test results will permit any one of five 
possible statements, with probabilities as shown: 


For two-gene systems For two-gene systems 
Conclusion lacking dominance: with dominance: 
AFa A'Ma — 268 0 
AFa A’Ma + 26 0 
AFa , A’Ma & + 26 0 
AA'Pa 20 — 86 + 46° 6q°(1 + q) 
AA'$a 1 — 20 + 56 — 60 1 — 6g°(1 + q) 


Although only one of these statements definitely denies parentage for both 
A and A’, there are a number of medicolegal situations in which we are willing 
to accept any one of the first four statements as evidence that hypothesis 
Ry is true and that, accordingly, neither A nor A’ is parent of a. Hence, we 
may define 


AA'$a = (AFa. A'Ma) a (AFa A’Ma) a (AFa. A'Ma) a (AA'Pa), 


that is, as any one of the first four outcomes, and let £ stand for the prob- 
ability of AA’fa for any system. As is shown above, we have 


E! = 26 — 56° + 60 
and E” = + g) 


for two-gene systems, without or with dominance, respectively. These func- 
tions have maxima as follows: max E’ = 0.28125 at 6 = 3, and max E” = 
0.14815 at p = 0.18350 or at antigen frequency p(2 — p) = 3 (fig. 1). 

Examples of medicolegal situations which conform to the hypothesis of this 
section and which also generally permit AA’fa to be accepted as a “solu- 
tion” are the following: 

1) A couple, 4 and A’, falsely claim a as their lost, strayed or kidnapped 
child; 

2) Individual a falsely claims A and A’ as parents, in order to gain a legal 
inheritance; 

3) The couple, A and A’, correctly disclaim a as their child, alleging hos- 
pital interchange of two infants; 
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4) A woman, A’, accuses A of paternity of the child a, which is neither the 
offspring of A or of A’. 

Wiener (1945) relates an instance of the last-mentioned situation, in which 
the MN blood types revealed that A e MN, A’ e NN and ae MM, a result of 
the type AFa . A’Ma, which led to the disclosure that A’ had obtained the 
child from an orphanage. 

It may be noted that the general problem dealt with in this section has been 
referred to by Fisher (1951) as the problem of “interchange,” but as this term 
seems descriptive of but one of the situations mentioned above, I prefer the 
expression “exclusion of joint parentage’’ and will use “interchange”’ in refer- 
ence to the more complicated problem to be considered next, and one which 
has been previously dealt with under the same title by Wiener (1931). 


DETECTION OF INTERCHANGE 


We may now consider the problem wherein two children, a and b, have been 
assigned through error to parents A and A’ and B and B’, respectively, a 
being the child of B and B’, and 6 being the child of A and A’. We assume 
further that no two of the four parents (A, A’, B, B’) are related. Tests on 
the six individuals will now permit any one of four general conclusions: 


ga, = AA'Pa . BB'Pb 
g. = AA'Pa. 
g, = AA’Ba. BB’PD. 
go = AA'fa. BB'Pb, 


Denoting the probabilities of these four outcomes by Gar, Ga, Gp, and Go, 
respectively, we find, for the case of two genes lacking dominance: 


/ 


Gab = 402° — + 264, 
G. = 20 — 9@ + 146° — 264, 
G = 296 — 96 + 146° — 26% 


Go = 1 — 40 + 146 — 2008 + 26, 


and, for the case of two genes showing dominance: 


Gw = 0, 

= + 9), 

Gy = + 

Go = 1 — 26g%(1 + q). 


] 
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We may note first the obvious relations 
Gin + Go = Gin + G = 20 — 56° + 66° = E’ 
and Gio + Gl = Gan + G = +9) = E’ 


which connect the present problem with that of the preceding section. How- 
ever, it is also apparent that the exclusions of parentage are not independent 
for a and b. For two genes with dominance, “bilateral” exclusions are impos- 
sible, i.e. Ga» = 0, whereas for two genes without dominance Gi» exceeds E”? 
by the quantity 


Gi, — E’? = 126 — + 6005 — 360%, 


which is positive for all positive values of @. In general, for any genetic sys- 
tem, we should expect that G,, E’. This non-independence is clearly a result 
of the two restrictions P(AA’$b) = P(BB’fa) = 1, and it accounts for the 
fact that Fisher’s “interchange” probabilities alone are insufficient for answer- 
ing the two-child problem here considered. 

Now, Wiener (1931) adopts the view that we may accept as evidence of 
interchange of a and bd a result excluding parentage for either one or both of 
the assigned pairs of parents, and he therefore takes 


G’ =G. + G+ Ga = — 148 + 208 — 26 
and = G. +Ga-= 26q*(1 + 


as the chances of “reaching a solution” of such problems by means of two-gene 
systems, by which is evidently implied a recommendation for reversal of a 
and 6. 

One can indeed imagine circumstances in which one might be willing to 
assume that if, for example, a has been shown to be not the child of A and 4’, 
then 5 must be the proper child of this couple, even though tests fail to es- 
tablish that 6 is not the child of B and B’. Such an assumption could be made 
if, in a certain maternity hospital, only two mothers were confined at the time, 
and if introduction of a third baby from the outside could be dismissed as a 
possibility. Also, a unilateral exclusion might be considered sufficient if the 
two children, a and b, were found to have identification tags bearing the family 
names ‘‘B” and ‘“‘A’’, respectively, as happened in a case described by Wiener 
(1931). But, considering the more usual circumstances in maternity hospitals, 
and the fact that such alleged interchanges are frequently contested by one 
couple involved, it would seem more reasonable to demand in general a bilat- 
eral exclusion of the type . 

Suppose, for instance, that A and A’ correctly disclaim a as their child but 
incorrectly name 6 as their rightful child, whereas 6 has in fact been assigned 
to its real parents, B and B’. Tests performed on the six individuals would now 
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permit 8 possible conclusions, which, for the case of two genes lacking dom- 
inance, have probabilities as shown: 


(1) AA’Ba . BB’Ba AA’Bd . BB’Pd 28 — 
(2) AA'Ba 26 — 15@ + 400° — 2764 205 
(3) AA’Ba. BB’Ba. — 186° + — 
(4) AA'Ra. AA'PO. — 40+ 304 — 
(5) AA’Ba. BB’Ba, AA’PD. — 186° + 2594+ 265 
(6) AA’$a . AA’PD. — 326° + 280° + 
(7) AA’Ba . AA'PO. 26 — 136 + 260° — + 1465 
(8) AA’fa . BB’Ba. AA’PD. 1— 40+ 8@-+ 46° — 260‘ — 8@ 


The ideal solution would be to acknowledge couple A’s non-parentage of 
a, but search elsewhere for their misplaced child, and such a conclusion would 
be forced by outcomes (1), (2) and (3), with probability 26 — 96° + 246 — 
25¢: — 26°, which has a maximal value of 0.21289 at 6 = 4. A less fortunate 
solution would be to dismiss A’s claim altogether, as recommended by (4), 
(6), (7) and (8), with probability 1 — E’, having a minimal value of 0.71875. 
But, in outcome (5) we have a result identical with g, in the list of outcomes 
on the hypothesis of interchange, which, if we were to accept unilateral ex- 
clusions of parentage, would recommend reversal of a and b. Misfortune 
might then be compounded, and three babies would now be assigned to the 
wrong parents. 

The initial probability of result (5) is small on the hypothesis of interchange 
of a and c, having a maximal value of 0.06836 for two genes lacking domi- 
nance. But, supposing that couple A and A’ have already been excluded as 
parents of a—a fact which would certainly urge hospital authorities to test 
other children and their assigned parents and might well encourage participa- 
tion of couples who originally had no reason to suspect interchange involving 
their child—the probability is now 


— 189" + 250° + 29 
2 — 56 + 66° 


that tests for the same two-gene system would yield the result AA’Sb . BB’Ba 
for any non-involved child and its parents. At p = 0.10 this function has the 
value 0.14547, and it reaches a maximum of 0.24306 at @ = 4. In like manner, 
any other genetic system giving the result AA ‘a would have its usefulness 
curtailed for the simultaneous cross-exclusions, although, by taking several 
genetic systems, the probability of (5) could doubtless be made quite small. 
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When there is reason to doubt the supposition that only ous posible child 
could have been substituted for a, it would therefore seem desirable, if not 
essential, to require bilateral exclusions, i.e. exclusion of joint parentage for 
both pairs of assigned parents. This greatly reduces the chance for “detection” 
of interchange, if we consider any single serological system. As already men- 
tioned, Gi, = 0 for two genes showing dominance, and the corresponding value 
for genes lacking dominance is Gy, = 46° — 86° + 26‘, which has a maximal 
value of 0.13281 at @ = 4. By contrast, the corresponding maxima are max 
*G” = 0.29630 and max *G’ = 0.42969, if one were prepared to accept uni- 
lateral as well as bilateral exclusions (fig. 1). 

The situation is considerably improved, however, when we take into con- 
sideration two or more genetic systems, since, in addition to bilateral exclu- 
sions obtained through tests for any single system, we shall also have comple- 
mentary unilateral exclusions obtained through any two or more systems. For 
example, if gav.1, Za.1, 80.1 ANd gay 2, a2, Zv.2, represent the four pos- 
sible outcomes with respect to two genetic systems, a bilateral exclusion would 
now be furnished by any of the following combined outcomes: 


Zab.1 Zab.2 Za.2 Zab.» Sab.1 20.2 

8b.1 Sab.2 8b.1 

80.1. Zab.2 


With three or more systems, we would also have favorable outcomes of the 

In general, if we have s genetically independent systems, and denote by 
Gui, Gai, Goi, Gos the probabilities of the four outcomes for any (ith) 
system, the total probability of detecting interchange by means of bilateral 
exclusions of parentage will be given by 


G. = 1 — E,) +11 Gs, 


t=1 i=1 


where 1 — E; = Gai + Gos = Gui + Goi. This may be compared with 
*G, II 


t=1 
the corresponding probability, suggested by Wiener, appropriate for exclu- 
sions of one or both pairs of assigned parents, and with 
s \ 
-[[(1-&)> , 
\ i=l ) 


which would be the appropriate probability if the exclusions of parentage 
were independent for a and 0 for all systems. 
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Some idea of the effectiveness of multiple genetic systems in raising the 
probability of bilateral parentage exclusions (G,) can be seen from table 1, 
where we assume s genetically independent 2-gene systems, each lacking domi- 
nance and each having ideal gene ratios for exclusions of parentage (0, = i, 
for all systems). This probability can be designated as max Gj, and the cor- 
responding value appropriate to unilateral and/or bilateral exclusions as max 
*G,. Numerical values are given for s = 1, 2, --- 6, and we may note that 3 
ideal 2-gene systems lacking dominance would insure about 81 per cent ex- 
clusions of parentage for one or both children, but only 44 per cent bilateral 
exclusions. These figures are probably not far different from what would be 
expected using the M-N, A-B-O and Rh blood types in the United States, 
assuming Rh-classifications employing the four most commonly available anti- 
bodies. 


TABLE 1. MAXIMAL PROBABILITIES FOR DETECTION OF INTERCHANGE, ASSUMING $ 
INDEPENDENT TWO-GENE SYSTEMS, WITH OR WITHOUT DOMINANCE 


PARENTAGE EXCLUSIONS PARENTAGE EXCLUSIONS MATERNITY EXCLUSIONS 
(NO DOMINANCE) (DOMINANCE) (NO DOMINANCE) 
s max Gy max *G; | maxG, max *G, | max H’ max *H; 
1 0.13281 0.42969 | 0 0.29630 | 0.03125 0.21875 
2 0.29205 0.67474 | 0.04390 0.50480 | 0.07910 0.38965 
3 0.44288 0.81450 | 0.11218 0.65153 | 0.13699 0.52316 
0.57203 0.89421 0.19208 0.75478 | 0.20017 0.62747 
5 0.67670 0.93967 0.27544 0.82744 0.26522 0.70896 


6 | 0.75867 0.96559 0.35722 0.87857 0.32978 0.77263 


An even more stringent criterion might sometimes be used in judging the 
occurrence of interchange. In the above discussion we have assumed that 
any one of the four kinds of exclusion of joint parentage, viz. 


AA'Ba = (AFa. A’ Ma) a (AFa. A’Ma) a (AFa. A’Ma) a (AA 


would be acceptable as evidence for the misassignment of child a, and simi- 
larly for child b. However, hospital authorities, when charged with the re- 
sponsibility for interchanging two infants, might be unwilling to accept ex- 
clusions of the last two sorts as evidence for interchange, since such findings 
could be equally explained by extramarital conceptions. 

We shall therefore consider next the probability of detecting interchange 
under conditions in which we require an unconditional exclusion of maternity 
for both of the assigned mothers, A’ and B’, in respect to two unrelated inter- 
changed children, a and 6. These probability functions will, of course, also 
apply when tests have been made on only four individuals, as, for example, 
in cases involving two cows and their interchanged calves, the sires being as- 
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sumed to be uncertain (though not identical or related) or, for any reason, 
untested. As before, we assume that no two of the four parents are related. 


TABLE 2. TWO-GENE SYSTEMS LACKING DOMINANCE. MAXIMAL EXCLUSION FOR A SINGLE 
SYSTEM, AND NUMBERS OF IDEAL SYSTEMS REQUIRED FOR EXCLUSIONS OF SPECIFIED 


FREQUENCY 
MAXIMAL .NUMBER OF IDEAL SYSTEMS REQUIRED 
tKIND OF EXCLUSION EXCLUSION | FOR EXCLUDING AT LEAST: 

at@ = 50% 70% 90% 95% 99% 
Identity (J’) 0.625 1 2 3 4 5 
Monozygosity (J’) 0.40625 a 3 5 6 9 
Parent-child (C’) 0.125 6 10 18 23 35 
Paternity (D’) 0.1875 + 6 12 15 23 
Joint Parentage (£’) 0.28125 3 4 8 10 14 

In interchange of a and b: 

Parentage for both (G's) 0.1328125 | 4 6 8 
Parentage for a and/or b (*G’) 0.4296875 | 2 3 5 6 9 
Maternity of both (Hp) 0.03125 | 9 14 23 28 40 
Maternity of a and/or b (*H’) | 0.21875 | 3 5 10 13 19 


t For explicit statement of the hypothesis and assumed requirements for exclusion, see text in 
relation to the indicated probability function, I’, J’, C’, etc. 
t By “‘ideal’”’ system is meant one giving maximal exclusion, with » = q, or 8 = }. 


We require, therefore, the probabilities corresponding to the four conclu- 
sions: 


ha» = A'Ma, B'Mb, A'Mb, B’Ma 
h, = A'’Ma, B/Mb, ” 
= A'Ma, B/Mb, ” 
lo = A'’Ma, B’Md, ” 


Denoting these, in general, by i/,,, H., Hp , Ho, we have, for two genes lack- 
ing dominance: 


Hi» = 268, 
H, = — 263, 
Hy = 26 — 26%, 
Hy = 1 — 46 + 268, 


Again we may note that the exclusions of maternity for the assigned mothers 
of a and b are not independent, and that H ‘» > C” for all positive values of 
6. But, even at the ideal gene ratio (p = g = 4) the probability for bilateral 


exclusion of maternity is only: max H ‘» = 0.03125. If, however, we were will- 
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interchanged 
Children 


Gin= 40°- 80° +20* 
#G'= 40 —146°+200* 20° 


#6” 

Hsp =206* 

*H’= 26° 
Monozygosity 


"= 26 — 30° 
"= 30q(3+q) 


Joint Parentage 


E'=20-56°+60° 


¢) 


Paternity 
D'=0-6 
D" = 6q3 

Parent-Child 
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Probability 
per cent 


—60 


-4 -5 


GENE FREQUENCK P 
1 l 


j 


+ 


19 -36 -64 -75 -84 


-91 -96 -99 


ANTIGEN FREQUENCY. 


Fic. 1. Probabilities of exclusion of certain specified relationships under six situations com- 
monly arising in medicolegal problems. Symbols C’, D’, --- J’ stand for probabilities using a 2-gene 
system lacking dominance (e.g. M-N types), while C”, D”, --- J” are the corresponding probabil- 
ities for two genes with dominance (e.g. any single antigenic factor, with gene frequency p), and 
6 = pq. “Parent-child” refers to unconditional exclusion of paternity (or maternity); for descrip- 
tion of the other situations, see text. 
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ing to accept unilateral as well as bilateral exclusions of maternity as evidence 
for interchange, we would have 


*H’ = 1— Hy = 46 — 26, 


having max *H’ = 0.21875 at 6 = } (fig. 1). Maximal exclusion frequencies 
for s independent and ideal 2-gene systems without dominance, i.e. max H, 
and max *H,, are given in table 1, being found by application of 


H,=1-2][(1-—C) 
i=l 


and *H, = 1 Ao. 
i=] 


Since C” = 0, it is clear that Hi, = H2 = Hy = O and that 2-gene systems 
showing dominance are useless for establishing interchange on the basis of 
maternity exclusions, however many such systems we may employ. 

Table 2 summarizes, for each of the several problems discussed, the maximal 
frequency of exclusion attainable with a single two-gene system lacking domi- 
nance. Also listed are the numbers of ideal systems of this type which would 
be needed to insure an expected exclusion rate of at least 50, 70, 90, 95 or 99 
per cent. 

A final word might be added concerning the acceptance of hypothesis R; 
or Ro. The principle that “blood groups can disprove paternity but can never 
prove paternity” has been widely quoted. Similarly, it is apparent that mono- 
zygosity or identity can be disproved by a single observed difference, but 
cannot be proved in an absolute sense. 

It also follows that when R; has been disproved, we cannot say that Ry has 
been proved to the exclusion of all conceivable alternatives. Thus, we may be 
willing to assume that virtually all pairs of twins which are not monozygotic 
(R:) will be dizygotic full-sibs, and this assumption provides the basis for the 
probability problem considered above. But disproof of monozygosity, in any 
instance, does not prove that a and 6 are full-sib twins, or even twins of any 
kind; it can be said to do so only if we are willing to dismiss further possibili- 
ties, such as half-sib twins, individuals falsely represented as twins, etc. In 
relation to interchange problems, even an outcome satisfying the most rigorous 
criterion—disproof of maternity for both assigned mothers—can be said to 
prove interchange of a and 3, only if we are willing to overlook more compli- 
cated situations, such as substitutions involving three or more children. 


SUMMARY 


Depending on conditions surrounding different cases of alleged interchange 
of two children, one may adopt various criteria for the establishment of inter- 
change, for example: (1) exclusion of joint parentage for both assigned pairs 
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of parents, (2) exclusion of joint parentage for at least one of the two pairs of 
parents, (3) exclusion of maternity for both assigned mothers, or (4) exclusion 
of maternity for at least one assigned mother. Probability functions are given, 
assuming suitable serological or other genetic factors dependent upon two 
allelic autosomal genes, with or without dominance, and the general procedure 
for compounding the probabilities for several genetic systems is indicated. 
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A Scotch-Tape India-Ink Method for 
Recording Dermatoglyphs 


C. W. COTTERMAN! 


Institute of Human Biology, University of Michigan, Ann Arbor, Mich. 


J. A. BOK (1948) described a technique of recording prints of the ridged skin 
of the fingers and palms on transparent adhesive tape after dusting the skin 
surface with talc, chalk, or graphite. This procedure can be compared with the 
indirect process long employed by criminologists for “‘lifting’’ patterns off 
dusted smooth surfaces containing accidental finger print impressions. A modi- 
fication of Dr. B66k’s method which I have been using seems to offer a number 
of additional advantages. It is particularly recommended for studies in which 
the worker requires precise prints that can be easily studied by projection. It 
is most useful for areas hard to print by standard methods and for work on 
infants and small children. 


MATERIALS 


The materials used include: 
1. Transparent adhesive tape (Scotch® tape) in rolls of 3, 3, 1 and 2 inch widths;? 
2. Carbon drawing ink (India ink); 
3. An artist’s brush having a tip about 4 inch wide; 
4. Panes of glass (or transparent plastic) measuring about 10 x 12 x } inch; 
5. Glass lantern slide cover slips, 2 x 2 inches and 3} x 4} inches; 
». Sheets of heavy bond paper having a smooth, hard, uncoated finish. 
It may be noted that all of these materials are usually obtainable at stationery, hard- 
ware and camera supply stores, so that if called upon to obtain dermatoglyphs at an unex- 
pected time or place, the investigator will usually be able to equip himself ‘‘on the spot.”’ 


= 


TECHNIQUE OF “PRINTING” 


The ink is painted onto the entire palm or sole and allowed to dry. The amount of ink 
used is not a critical matter, but the surface should be thoroughly and fairly evenly black- 
ened. Drying usually requires only 30 to 60 seconds unless the skin is unusually moist, in 
which case an electric fan is helpful. Because drying occurs more slowly between the toes, a 
fan is particularly useful in taking toe prints. 

Strips of Scotch® tape are then applied to the inked skin. These should be rolled onto the 
skin surface from one side, taking care to insure a contact with the entire ridged area. A 
gentle massaging action can then be applied with the finger, and, if desired, a pointed object, 
such as a lead pencil, can be drawn over the tape along the flexion creases, which otherwise 


Received May 5, 1951. 

1 Present address: 10 Triangle Avenue, Dayton 9, Ohio. 

? Tape having a cellulose acetate base and a synthetic non-rubber pressure-sensitive adhesive 
is preferable, e.g. No. 800 tape manufactured by Minnesota Mining and Mfg. Co., St. Paul 6, 
Minnesota, 
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may appear as blank streaks (cf. fig. 2). Since the tape is transparent, the operator can easily 
observe whether good contact is being made with all ridges. The hollow portion of the palm 
and the convexity of the foot offer little difficulty with this method, and there is no excuse 
for failure to record palms and soles to the extreme limits of the skin ridging. 

Finger tips and toes are “‘wrapped”’ individually, using tapes of 1 inch width for adults, 
or smaller widths for children and infants. However, it is almost as easy to print the entire 
finger, including the proximal and middle phalanges which are usually inadequately printed 
by paper-and-ink techniques. For this purpose wider strips (2 in. for adults, 1 or ¢ in. for 
children) are applied lengthwise to the finger axis. 


wae 


y 
Bae 


Fic. 1. Photograph, using a 1 inch tape India-ink thumb impression as a negative 


In printing palms and soles, 2-inch strips are used. These are applied as a series of over- 
lapping bands. The author prefers placing the strips transversely in the case of palms, start- 
ing with a strip over the distal end, covering the important interdigital areas and proximal 
finger segments. Each strip is allowed to overlap the preceeding one by about } inch. In the 
end, the entire sheet thus formed is pulled off in one piece.* Starting at the heel in the case 
of an adult’s foot, a single strip is applied lengthwise along the central part of the sole, care- 
fully rolling the tape up over the interdigital area while holding the toes in extreme extension. 
Two strips lengthwise, one to either side, will then usually complete the entire sole. For 
infants, a single 2-inch strip will usually suffice for an entire palm or sole. 

When necessary to reprint a certain skin area, best results are always obtained after 
repainting the skin. As in other printing methods, toes are apt to present the greatest diffi- 
culty, owing to delicacy of the ridges and to occurrence of fungus infections. In such cases 
best results are obtained by using a minimum of ink and a minimum of pressure on the 


adhesive tape. 


Larger rolls of tape, e.g. No. 800 in 6 inch width, can be obtained from the manufacturer. These 
e possible the printing of a large hand or foot in one piece, but such large sheets of adhesive tape 
have been found somewhat too difficult to handle in the various operations. 
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India ink, it should be noted, is easily removed from the skin with soap and water, unlike 
ordinary writing inks. 


MOUNTING, TRACING AND PHOTOGRAPHING 

After pulling off the tape containing the inked impression it may be applied to any hard 
smooth surface, such as glass, leucite, celluloid, cellophane, pasteboard, or paper. When 
obtaining dermatoglyphs of an entire family, the author uses large panes of glass or sheets 
of heavy cellophane for temporary mounting of the palm and sole prints, labelling these 
with a wax marking-pencil. Later these prints are remounted with greater care on glass for 
purposes of study, and eventually they are transferred to paper for permanent filing. So 
firm is the adhesion of the carbon ink particles to the gum of the tape that after being 
smoothed out firmly upon glass, celluloid, or even upon some hard-finished papers, the 
tapes can be pulled off and reapplied repeatedly with little or no alteration of the ridge de 
tails. 


Fic. 2 Fic. 3 
Fic. 2. The fourth interdigital area of the left palm of an infant, X-1, involved in a case of 
probable interchange of babies (Note that the usual directional relations are reversed, the ulnar side 
being here shown on the right; cf. Cotterman, 1951, p. 388). 
Fic. 3. Direct micro-photograph of Mr. W’s R-2 finger tip, accidentally amputated and preserved. 


Glass is by far the most useful mounting medium for purposes of study, e.g. making trac 
ings, ridge counting, measuring, and photographing. Tracings of palm and sole patterns can 
be made directly on the smooth (non-gummed) surface of the tape, using India ink and a 
crow’s-quill pen, or indirectly on superimposed paper, or on photographic contact prints. 
Better photographic reproductions, however, are usually obtained by projecting the tape 
print in a copy-enlarger (figs. 1, 2). 

Smaller prints, such as finger and toe strips, whole palms or soles of infants, or strips taken 
across the digital triradii, are mounted directly as taken upon lantern slide cover slips. These 
are used in a photographic copy-enlarger for easy ridge counting and tracing of patterns. 
Used as lantern slides they make excellent demonstration material for comparisons of twins, 


medico-legal studies, ete. 
GENERAL REMARKS 


Compared with standard methods using printer’s ink or chemically treated 
papers, the present method is certainly more time consuming. It is therefore 
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not recommended for routine studies where adults and larger children are being 
studied and where finger and palm prints alone are required. Its advantages 
are apparent in connection with special studies such as the geneticist or medico- 
legal worker is apt to encounter, where it is desired to obtain accurate and 
complete records of the entire dermatoglyphs: palms, fingers, soles and toes. 
Apart from the time consumed, the technique is not very tedious, allowing 
both the operator and subject to assume restful positions. 

The method seems particularly valuable for printing infants and small chil- 
dren. Owing to the combined difficulties caused by delicate skin ridges and poor 
cooperation, standard ink-and-paper methods meet here with little or no suc- 
cess. MacArthur and Ford (1937) devised a special technique for children, 
employing face cream, kimeograph paper, lamp black, and a resin solution. It 
had the advantage of securing greater precision of detail of the delicate ridge 
patterns. The present method would seem to be about equally sensitive, and, 
I suspect, less troublesome. Once the child’s painted hand or foot has dried, the 
operator can proceed leisurely, without fear that ink or other material will rub 
off or that prints may land on various objects in the operational arena. The 
tapes may then be applied and removed slowly or hurriedly, with or without 
the help of an assistant, depending upon the kind of “‘cooperation”’ secured 
from the child. The smaller areas requiring ink, and the smaller tapes needed 
for the printing, help to compensate for other difficulties. A good time to print 
a baby is when it is asleep, and with care the present method can sometimes 
be applied without waking the child. 

If the skin surface is first washed thoroughly with warm water, the ink ap- 
plied not too heavily, and the skin stretched slightly while applying the tape, 
the individual sweat pores and other minutiae will usually be faithfully re- 
corded (fig. 1). I suspect, therefore, that the method might be found superior 
to standard ink-and-paper methods for use by dermatologists in the study of 
certain skin diseases (cf. Macleod & Muende, 1940, p. 35). It would also seem 
well adapted to special studies concerned with selected areas of the palms or 
soles (cf. Fang, 1950), where the added precision and ease of ridge counting by 
projection might be appreciated. 
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Dermatoglyphic Comparisons of Two Families 
With Probably Interchanged Children 


C. W. COTTERMAN! 


Institute of Human Biology, University of Michigan, Ann Arbor, Mich. 


INTRODUCTION 


It is scarcely possible at present to estimate how often babies are accidentally 
assigned to the wrong mothers in maternity hospitals. Since the event is pre- 
sumably quite rare, any estimate of its frequency could not safely ignore the 
possibility of mutation of blood group genes, another problem on which we 
are at present almost wholly in the dark. But certainly such substitutions must 
occur more frequently than one would suspect from the few “proven” instances 
reported, for, although some cases of alleged interchange are doubtless false, 
not all cases correctly alleged will be capable of being verified by means of blood 
tests or other examinations. In addition, many cases of substitution doubtless 
go unsuspected, and hence untested. Such cases could, of course, be accidentally 
discovered at a later date through studies made on the family by a serologist, 
but even then many cases would remain unrecognized as such, for in those 
cases wherein joint parentage or paternity alone is excluded (Cotterman, 
1951a), the serologist would no doubt suspect extramarital union rather than 
interchange, while in those cases disproving maternity it might be difficult to 
rule out adoption or mutation as alternatives. 

The unusual case reported by Franceschetti, Bamatter and Klein (1948) is 
of interest in this connection. Six years after the birth of a pair of male twins, 
their father observed a child who resembled to a remarkable degree one of his 
“twins.”’ Inquiry led to the discovery that this boy had been born in the same 
hospital where the twins were born, and on the same night! Blood tests estab- 
lished that the two “look-alike” boys were identical in all blood antigens tested, 
but that the unmatched “twin” could not be the child of the twins’ mother. 
Maternity could not be excluded for the assigned child of the second mother, 
but detailed somatological comparisons and reciprocal skin grafting trials left 
little doubt but that the interchange had occurred in the surmised manner. 
Obviously this case of interchange would have gone undetected had it not been 
for the subsequent coming together of the two families. And even then, the one 
couple would doubtless have been unable to recognize their own child had they 
not been provided with a ‘‘carbon copy” in the form of a monozygotic twin. 

In the case to be described in this paper, an investigation of the possibility 
of interchange was not instituted until three-and-a-half years after the birth 

' Present address: School of Veterinary Medicine, University of California, Davis, California. 
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of the two children, and again, the case would probably have remained unrec- 
ognized had it not been for the later coming together of the two families and 
certain additional circumstances. 


CASE HISTORY 


The two children involved in this case of alleged interchange were born four days apart, 
in December 1946, in the same hospital in a small city in southeastern Michigan. At that 
time, the two mothers had married names with the same initial letter, a fact which could 
possibly have contributed to the circumstances in which an undoubted mix-up of some kind 
occurred. In this report the two couples will be designated by pseudonyms, Mr. and Mrs. W, 
and Mr. and Mrs. Y, while the two female children assigned to these couples will be desig- 
nated as X-2 and X-1, respectively. 

Each mother suspected that she may have been given the wrong baby while she was still 
in the maternity hospital. Mrs. W noticed that the metal identification tag was missing from 
the baby’s ankle on one occasion, and she was also puzzled by the fact that there seemed to 
be less hair on the baby’s head than she had noticed when she first saw the child. She ad- 
mitted, however, that her first observation was made in a dimly lit room and she had been in 
a semi-comatose condition. Mr. W was present at his wife’s delivery and he later thought 
that the child appeared smaller than he had judged on his first visit. Nevertheless, the W 
couple made no complaints to the hospital attendants. 

Mrs. Y could recall no such specific grounds for her suspicion. But the infant refused at 
first to “take her breast” and a “maternal instinct” told her that she had left the hospital 
with the wrong baby. She cried about the matter for several days thereafter, until her father 
was finally caused to take her complaint to the hospital authorities. The possibility of a sub- 
stitution was dismissed, however, and no investigation was made. It is of interest that Mrs. 
W and Mrs. Y were not acquainted at this time, and neither one had claimed the other’s 
child, nor indeed any specific child. Had the hospital recommended a blood type investigation 
pursuant to Mrs. Y’s claim, the results—showing that this woman had almost certainly 
received the wrong child—could have caused considerable confusion, inasmuch as no other 
mother had registered a similar complaint. The confinements of the two women overlapped 
by two days, and during this period there were perhaps as many as thirty babies in the 
hospital. 

Birth certificates issued to the mothers reveal that X-2 weighed at birth 6 lIbs., 2 oz. and 
X-1 weighed 8 Ibs., 3 oz., but it is not clear to whom these statistics apply. The certificates 
also bear foot-print impressions of the infants, but it is uncertain whether such prints were 
recorded in the delivery room or at a later time. Moreover, the prints would be useless for 
any purpose, as they contain no ridge details whatsoever. Thumb or finger prints of the 
mothers were not recorded. 

Two years later the two families came to reside within two city blocks of each other, and 
became well acquainted. Stories of their early suspicions were exchanged, and from time to 
time jokes were passed concerning alleged resemblances of the two girls to children of the 
opposite families. Mrs. Y was prepared to accept X-2 as her own daughter, but doubted 
that X-1 could be the child of Mrs. W. Mrs. W insisted that X-1 was the “image” of her 
older daughter (W-1) at an earlier age. She also admitted that X-2, whom she was convinced 
belonged to Mrs. Y, was the “prettier and livelier” of the two, and that X-2 “looked and 
talked” just like Mrs. Y’s oldest sons (Y-1, Y-2, fig. 1). 

The possibility of interchange was not investigated until May, 1950, at which time the W 
couple sought blood-group confirmation of their claim. By this time, however, Mr. and Mrs. 
Y had become divorced, and their six children were now being cared for in three different 
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homes, Mrs. Y retaining custody of X-1. Under these conditions, when serological and der- 
matoglyphic studies were made available, Mr. and Mrs. W requested custody of both chil- 
dren, and such was the final disposition of the case, made after considerable protest from 
Mrs. Y. 

Responsibility for the accidental interchange was accepted by the hospital concerned, 
and an insurance agency was said to be prepared to reimburse Mrs. Y for four years’ support 
of a child not her own. 


Mr.W Mrs.W Mr.Y¥ Mrs.¥ 
Rhyrh Rh, rh rh 
x-2 Y-1 Y-2 Y-3 Y-5 Y-6 
| 0 0 
Rh, Rh, rh rh rh rh Rh, Rho rh 
CHILD CH/LD 
“w" ? interchanged 


Fic. 1. Two families involved in a case of alleged interchange of infants (University of Michigan 
Heredity Clinic Kindred No. 1830). 


TABLE 1. BLOOD ANTIGENS TESTED IN TWO ALLEGEDLY INTERCHANGED CHILDREN AND 
THEIR ASSIGNED PARENTS AND SIBS 


Mr. W.. --+-+ ++ + +4 +/0 M 
Mrs. W + + + + + + + 
X-2 ++ - - + + +/0 MN 
W-1 —- + + +++ - — +10 MN Rh,Rh, 
- —- + + + - - + + rh 
Mrs. — + + 0 —- = + 0 0 | O MN rh 
Y-1 —- —- + + 0 = = + | O MN rh 
Y¥-3.. - —- + 0- + 0 rh 
Y-5. —- —- + + 0 + 0 0 | O MN rh 


* In this list ‘o’ stands for the absence of a test, and S stands for the S factor of the MNS sys- 
tem of Sanger and Race, to which authorities the author is indebted for the serum used in this study. 
Thanks are also due to Dr. A. S. Wiener, who verified all results shown in the two upper portions 
of the table and who, in addition, furnished the results of tests for antigens P and FY. 


SEROLOGICAL RESULTS 


Clear evidence that the two children, X-1 and X-2, had each been assigned to the wrong 
mother, and that they had possibly been interchanged, was obtained from serological tests. 
The antigens tested in this case included A, B, M, N, S, Rh’ (C), Rho (D), Rh” (E), Hr’ (c), 
P, and Fy (Duffy). 

The testing was done in three stages, and the results shown in table 1 are grouped accord- 
ingly. The problem was first brought to the author’s attention through Mr. and Mrs. W, who 
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brought along the disputed child X-2. Mr. W turned out to be OM and Mrs. W to be ON, so 
that X-2, being OMN, was exactly of the phenotypes expected on the assumption of parent- 
age. But Mrs. W’s Rh-Hr phenotype was Rh.Rho, while the child’s was rh (genotype rr). 
Consequently, Mrs. W could be the mother only if she were an example of the rare genotype 
R?r. Among the 9 possible genotypes comprising Rh, Rho, R’r has a frequency probably not 
exceeding 2 per cent, so that this evidence constituted ‘“‘almost conclusive” disproof of Mrs. 
W’s maternity for X-2. 

The couple W were then asked to return and bring along their older daughter, W-1. For- 
tunately, this child completed the evidence needed to rule out Mrs. W as mother of 
X-2. Since W-1 belonged to phenotype RhiRh, (genotype R'R! or R'r’) it was evident that 
Mrs. W was certainly not R’r and must be either R'R? or R’r’. Thus, accepting W-1 as the 
child of Mrs. W—and this child was said to have been born at home—we have a complete 
exclusion of Mrs. W as mother of X-2, and this exclusion is in no way conditional upon the 
paternity of either X-2 or W-1. We do, of course, ignore the possibility of mutation, or, on 
the Fisher-Race hypothesis, of crossing-over. 

Also tested at the second stage were Mr. Y and X-1. Since X-1, like X-2, was found to be 
OMN, it was clear that no further light could be thrown on the problem by means of A-B-O 
or M-N, if the interchange had occurred in the alleged manner. But Mr. Y was Rh-negative 
and X-1 was Rh,Rho, a result, again, making parent-child relationship improbable. Dr. 
Alexander S. Wiener obligingly repeated and confirmed the above results at this stage, and, 
in addition, performed tests.for antigens P and Fy, which, however, furnished no exclusions. 

When later it became possible to test Mrs. Y and 4 of her 5 remaining children, all were 
found to be group O, Rh-negative. It could therefore be concluded that Mr. and Mrs. Y 
could not jointly have served as parents of X-1, and, even without knowledge of Mr. Y’s 
genotype, it could be said to be quite unlikely that Mrs. Y was mother of X-1, judging from 
the Rh types. 

In conclusion, then, blood group evidence in this case provided an exclusion of joint par- 
entage for both assigned couples in respect to the two allegedly interchanged children. More- 
over, the exclusions approached the ideal of unconditional exclusion of maternity foreach woman 
(cf. Cotterman, 19514). 


DERMATOGLYPHIC COMPARISONS 


Prints of the friction ridge patterns of the palms, soles, fingers and toes were 
obtained, using a Scotch-tape India-ink method (Cotterman, 1951b). Tracings 
were made by projecting the prints at varying magnifications. The finger and 
toe patterns are assembled in figures 2 and 3, together with the ridge counts, 
the latter being scored by the method of MacArthur and Ford (1937). Palm 
and sole patterns are shown in figure 4, with formulae constructed in the man- 
ner described by Cummins and Midlo (1943). 

Many students have stressed the potential usefulness of dermatoglyphics in 
problems of disputed relationship, and much pioneer work in this area has been 
accomplished by German and Austrian workers (cf. Brodhage & Wendt, 1951; 
Cummins & Midlo, 1943). Various quantitative rules for the exclusion of pa- 
ternity have been devised, based upon fairly large collections of family mate- 
rial. Nevertheless, existing methodology seems quite inadequate for the effec- 
tive utilization of the records which follow. For many of the rarer and subtler 
variations, population and family frequency data do not seem to be available. 
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L-V L-IV L-Ill L-Il L-I 
MR LY 0-7 Ly 0-16 0-16 
MRS A 0o-O jy 0-9 A 0-0 A 0-0 Ly 0-8 
“Ly 0-3 A 0-0 A 0-0 A 0-0 
“yy 0-6 A 0-0 At 0-0 Ly 0-17 
Lu 0-24 wu 17-27 wer 19-17 
X-2 
MR zy O-2)i Ly 0-19 
Y 
MRS Ly weu 13-21 zu 0-16 
Lu 0-16 0-18 zu 0-17 
Lu LY 0-22 A 1-O 
Y-2 
iy 0-13 LY 
Zu 0-18 Lu 0-20 Lt 12-0 


Fic. 2A. Left hands. Finger-tip patterns and ridge counts in families W and Y. Symbols: L* = 
ulnar loop, L' = radial loop, A = arch, or loop with 1 or 2 ridges, At = tented arch, W* = whorl 
with larger ulnar component, W" = whorl with central pocket in ulnar loop, Wet = whorl with 
central pocket in radial loop, Wt = twin-loop whorl. 
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7-0 7-0 LY 18-0 10-0 Ly 
0-4 24-9 wc’ 19-0 zy 
0-12 Lt 15-0 19- \ wer 13-0 Ly 
1|-O 23-0 ZY 18-0 LY 
eis 


Fic. 2B. Right hands. Finger-tip patterns and ridge counts in families W and Y. Symbolism as in 
fig. 2A. Mr. W’s R-II finger tip had been accidentally amputated in infancy, but the mummified 
specimen had been preserved by Mr. W and permitted an accurate tracing and ridge count (cf. 
Cotterman, 19518, fig. 3). 
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L-V L-IV L-IIl L-II L-I 
0-16 Q-17 zu 0-14 Lf 0-19 
MR 
WwW 


Fic. 3A. Left feet. Toe patterns and ridge counts in families W and Y. Symbols: L‘ = fibular loop, 
A = arch, At = tented arch, W = simple whorl, We! = whorl with central pocket in fibular loop, 
W* = twin-loop whorl. 
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R-1l R-II R-III R-IV R-V 


Fic. 3B. Right feet. Toe patterns and ridge counts in families W and Y. Symbolism as in fig. 3A. 
Formulations and ridge counts were not attempted in the case of large dicentric patterns, with in- 
definite or “extralimital” triradii. 


Left palm: 9.7/9.5" .3-t-A".0.0.1.D/L Left palm: 0.5”.5'.3-t-A".0.0.0.0 


Right palm: 11(10).9.7(6).3-t-A".0.0.L.0 Right palm: 7.5” .5’.3-t-A".0.0.0.1 
Left sole: Left sole: L4.V.L4.0.0.0.0 
Right sole: Right sole: 

(A) MR. W (B) MRS. W 


Left palm: 7.0.5” .3-t-A".0.0.0.0 


Right palm: 7.0.5” .3-t’-A*.O.0.0.0 Right palm: 8(7).6(7).5”.5’-t-A".0.0.0.D 
Left sole: W.0.L4.0.0.0.0 Left sole: 
Right sole: W.0.0.0.0.0.0 Right sole: L4.0.L4.0.0.0.0 

(C) W-1 (D) X-1 


Fic. 4. Palm and sole patterns in X-1 and members of family W. (Scales = 5 cm.) 
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G RY yA XS 
Left 


Left palm: 9.7.5”.3(3h)-t-L*.0.0.0.L Left palm: 


Right palm: 9.X(9).5” .3h-t-L'.0.0.V.O Right palm: 11.9.7.5'-t-A*.0.d.L.d 
Left sole: W.0.0.0.0.0.0 Left sole: L°.W.18.0.V/0.0.V 
Right sole: L4.0.0.0.0.0.0 Right sole: L°.W.L4,0.0.0.V 

(E) MR. Y (F) MRS. Y 


Left palm 7(8).5” (6).5”.3-t-A".0.0.0.L Left palm: 7(10).7(x).5”/7.3-t-A".0.0.0.D/l 


Right palm: 7(8).5” (6).5”.3-t-A".0.0.0.L Right palm: 9(8).7(8).5”.3-t-A".0.0.0.L 
Left sole: CP4. Left sole: W*™.0.0.0.0.0.0 
Right sole: Right sole: CP4.L?.0.0.0.0.0 

(G) X-2 (H) Y-2 


Fic. 4—continued. Palm and sole patterns in X-2 and members of family Y. 
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Left palm: 11.9.7.3h-t-L*.0.0.1.0 Left palm: 


Right palm: 11.11.9.5’-t-A*.0.0.L.0 Right palm: 
Left sole: Left sole: 
Right sole: O.L®.0.0.L*/0.0.V Right sole: 

(I) Y-1 1) Y-3 


ERK 


> 


Left palm: 8.6.5”.5’-t-A".0.0.0.L 
Right palm: 9.7.5” .5'-t-A".0.0.0.1 
Left sole: L3.L8,0.0.0.0.0 

Right sole: L4.0.18.0.0.0.0 


(K) Y-5 
Fic. 4—continued. Palm and sole patterns in members of family Y, continued 
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Little or no genetic analysis has been made on soles and toes. No guide seems 
to be available as to how to make use of data on sibs in addition to parents, nor 
of correlations of the various patterns on different areas or on corresponding 
areas of the two hands, the two feet, or all four extremities. Finally, there seems 
to be need of much further development of mathematical theory for the utiliza- 
tion of such data in the drawing of probability inferences of various kinds. 
No analysis of the present records will therefore be attempted. But the data 
are presented in detail, so that those interested in such problems may try 
various techniques. In the following notes, only a few of the more readily ap- 
parent family resemblances will be pointed out. It is hoped that this pictorial 
account will at least serve to convince other novices, like the author, that 
medicolegal applications of dermatoglyphics seem quite promising. 


Fingers 


In their finger print patterns (figs. 2A, B) the two girls, X-1 and X-2, show 
some rather marked differences, which correspond to those differences seen in 
the two mothers, if the latter be reversed. Thus, Mrs. W is characterized by low 
ridge counts on all fingers excepting IV, with arches or near-arches found on 
fingers II, III and V of each hand. A similar situation appears in W-1, and in 
X-1. In fact, in most quantitative respects, X-1 seems to be intermediate be- 
tween Mr. and Mrs. W, though sometimes more extreme in one or the other 
direction. Conversely, X-2 possesses 5 whorls, occupying fingers IT, III and IV, 
a distribution found in Mrs. Y, but in no other member of either family. In the 
sizes of these whorls, X-2 exceeds Mrs. Y generally, and she also has even larger 
ulnar loops on V than those shown in Mr. Y. 


Toes 


In the toe patterns, the cross-resemblances are again fairly marked. In par- 
ticular, one may note in Mrs. W, in W-1, and in X-1, the presence of arches on 
toe V bilaterally. By contrast, Mr. and Mrs. Y have moderately large fibular 
loops on this digit, as have all of their children and, in addition, X-2. A similar 
comparison can be seen for toe IV, where large, mostly dicentric, patterns 
appear in family Y and smaller simple loops in family W, with X-1 and X-2 
resembling the opposite family in each case (figs. 3A, B). 


Palms 


In the palms, a striking peculiarity of X-1 again aligns this child with Mrs. 
W and with W-i. This consists in the presence of but three digital triradii on 
the left hand, a single triradius being in effect shared by fingers IV and V. In 
Mrs. W, the missing triradius can be identified with finger V (fig. 4B). In W-1 
the triradius is shifted laterally, so that its identification with finger IV or V is 
equivocal (fig. 4C). In X-1, the position is somewhat intermediate, but more 
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nearly asin Mrs. W (fig. 4D; see also Cotterman, 19510, fig. 2). A similar tend- 
ency is apparent in the right palms, with the presence of two closely adjacent 
triradii, forming very small deltas, but with W-1 again showing a single trira- 
dius c. In X-2, triradii c and d are both present bilaterally, as in the palms of 
the entire Y family, with the possible exception of a missing or abortive c in 
the right hand of Y-3 (figs. 4E-K). 

Absence of triradius d (or main line D) is evidently rare, Cummins and 
Midlo (1943) finding only 2 cases in Poll’s series of 1281 German male sub- 
jects, both of whom had the anomaly on the right hand. These authors note 
that fusions of the digital areas, with obliteration of triradii or presence of 
interdigital triradii, are features commonly associated with webbing or zygo- 
dactyly, especially when found in the second and third interdigital areas, and 
especially in the toes. No tendency to zygodactyly was observed in the hands 
or feet of Mrs. W, W-1 or X-1, however. 


Soles 


The sole patterns of families W and Y reveal no unusual features, but present 
a variety of the more common configurations (figs. 4A—K). Among the strongest 
resemblances, however, one may note the comparisons between X-1 and Mr. 
W, and between X-2 and Mrs. Y. 
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